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Statistical Methods for Quality and Reliability Sectional Committee, MSD 03 


FOREWORD 


This Indian Standard (Part 1) (Fourth Revision) was adopted by the Bureau of Indian Standards, after the draft 
finalized by the Statistical Methods for Quality and Reliability Sectional Committee had been approved by the 
Management and Systems Division Council. 


This standard 15 one of the series of Indian Standards on ‘Statistical test of significance’. Other standards published 
so far in the series are: 


Part 2 x? - test 
Part 3 Tests for normality 
Part 4 Non-parametric tests 


This standard was originally published in 1971 and covered the industrial applications of three main tests of 
significance, namely, t-test, F-test and y?-test. It was then revised in 1977 into four parts to include tests for 
normality as also some non-parametric tests, which have wide application in industry. It was further revised in 
1995 to rearrange the contents of the standard by putting together tests of the same hypothesis under different 
assumptions and requiring different use of test statistics. In addition, the revised standard includes: 


a) the basic concepts of formation of null and alternative hypothesis; 


b) Fisher-Behren's test for testing equality of means of two populations when the variances are not known 
and not assumed to be equal; and 


c) examples on testing for proportions. 
The third revision of the standard was undertaken to: 


a) modify the examples so as to make them practical and also that the reported test results to be of same 
decimal places as actually obtained in practice, 


b) include the table for finding 0 from tan 0 to be used in Fisher-Behren's test, and 
с) incorporate many editorial corrections. 


This revision has been taken up for technical modifications with regard to paired t-test and inclusion of more 
illustrative examples including those for formation of null hypothesis. 


The tests of significance described in this standard are useful in many problems of industrial experimentation. 


However, they should not be generally used for lot acceptance purposes for which IS 2500 (Part 1) : 2000 ‘Sampling 
inspection procedures: Part 1 Attribute sampling plans indexed by acceptable quality level (AQL) for lot-by-lot 
inspection’ and IS 2500 (Part 2): 1965 ‘Sampling inspection procedures: Part 2 Inspection by variables for percent 
defective’ may be referred to. 
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Indian Standard 


STATISTICAL TESTS OF SIGNIFICANCE 
PART 1 NORMAL, t- AND F- TESTS 


(Fourth Revision) 


1 SCOPE 


1.1 This standard (Part 1) lays down the following tests 
of significance: 


а) One-sample test — Testing of mean of a 
population against a specified value: 
1) when the population variance 1s known, 
and 
2) when the population variance is not 
known. 
b) Two-samples test — Testing equality of means 
of two populations: 
1) when the variances are known, and 
2) when the variances are not known. 
c) Testing for equality of variances of two 
populations. 
d) Testing for proportions. 


1.2 This standard does not include Ше t-tests for 
regression coefficient and correlation coefficient as they 
are covered in IS 7300 ‘Methods of regression and 
correlation'. 


2 REFERENCES 


The following standards contain provisions, which 
through reference in this text constitute provisions of 
this standard. At the time of publication, the editions 
indicated were valid. All standards are subject to 
revision and parties to agreements based on this 
standard are encouraged to investigate the possibility 
of applying the most recent editions of the standards 
indicated below: 


IS No. Title 
7920 Statistical vocabulary and symbols: 
(Part 1): 2012 Probability and general statistical 
terms (second revision) 
(Part 2): 2012 Statistical quality control (second 
revision) 


3 TERMINOLOGY 


For the purpose of this standard, the definitions given 
in IS 7920 (Part 1) and IS 7920 (Part 2) shall apply. 


4 BASIC CONCEPTS 


4.1 Statistical tests of significance are important tools in 


decision-making. They are extremely useful in finding 
out whether, in the case of one population, the mean 
value differs significantly from certain specified value 
or whether, in the case of two populations, the mean 
values differ significantly from each other. Thus, it may 
be desirable to find out whether a new germicide is more 
effective in treating a certain type of infection than a 
standard germicide, whether a new method of sealing 
light bulbs will increase their life or whether one method 
of preserving foods 15 better than another in so far as the 
retention of vitamins is concerned. In such cases, it would 
be necessary to examine whether the mean values 
obtained can be deemed as same or different. There may 
also be cases where it may be worthwhile to find out 
whether one inspector is more consistent than another 
or whether a new source of raw material has resulted in 
a change in the variability of the output or whether the 
temperature of the bath in which the cocoons are cooked 
affects the uniformity of the quality of silk. In these cases 
it will be necessary to determine whether the variances 
obtained are the same or not. 


4.2 Formulation of Hypothesis 


For taking a decision whether a statement about the 
value of a population parameter should or should not 
be rejected using statistical tests of significance, the 
first step is to form the hypotheses, namely, Null 
hypothesis (Н) and Alternative hypothesis (И). The 
two hypotheses are tested using the data from a sample. 


4.2.1 Null Hypothesis (Но) 


The procedure commonly used is to first make a tentative 
assumption about a population parameter called the null 
hypothesis regarding equivalence (no difference). The 
question, on which the decision is called for, by applying 
the tests of significance, is translated in terms of null 
hypothesis in such a way that this null hypothesis would 
likely be rejected if there is enough evidence against it 
as seen from the data in the sample. For example, in the 
case of new germicide, a null hypothesis will be that it is 
not more effective than a standard germicide; or in the 
case of light bulbs the new method of sealing does not 
increase the life of the bulb. 


4.2.2 Alternative Hypothesis (Hj) 


Alternative hypothesis 1s opposite to what 15 stated in 
the null hypothesis. It may be two-sided or one-sided. 
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4.2.2.1 Two-sided hypothesis 


In some situations, it may be of interest to find out 
whether lot mean differs significantly from a specified 
value irrespective of the fact that this difference is 
positive or negative. For example, in the manufacture of 
certain cylindrical rods, one may have to examine 
whether average diameter differs significantly from the 
specified nominal value or one may wish to determine 
whether the night shift production differs from that of 
the day shift in respect of certain quality characteristics 
of the item. In such cases the test is said to be two-sided. 


Example 1 


A multispindle filling machine operation is designed 
to fill HDPE woven bags with Ordinary Portland 
Cement (OPC), 33 grade to a mean weight of 10 kg. A 
sample of bags is periodically taken for weighment. If 
the sample data leads to a conclusion of underfilling or 
overfilling, the production line will be stopped and 
adjusted to ensure proper filling. 


In this case, the null and alternative hypothesis would 
be formulated as follows: 

Ay: uw = 10 

H,:u*10 
If the sample results indicate that H, cannot be rejected, 
the bags will be accepted. However, if the sample results 
indicate that Н be rejected, the decision will be taken 
that the bags do not meet the weight specification. In 
this case, there 15 sufficient evidence to stop the 
machine. 


4.2.2.2 One-sided hypothesis 


In some other situations, only the positive difference 
or the negative difference between the lot mean and 
specified value may be of interest. For example, when 
drinking water is tested for bacteria count, only high 
values of count may be the source of concern or when 
cases of concrete are tested for strength, low values 
may have to be detected. In such cases, the test 1s said 
to be one-sided. 


Example 2 


Consider a situation of a manufacturer of gold plated 
watches who states that thickness of gold plating on 
watches is 3 microns at the minimum. A sample of gold 
plated watches will be drawn and the thickness of gold 
will be measured for testing the validity of the 
manufacturer's claims. 


In such situations we generally assume that the 
manufacture's claim is true and the null hypothesis and 
the alternate hypothesis will be stated as follows: 


Ay: uw 2 3 
Н:и<3 


If the sample results indicate H, not be rejected, Ше 
manufacturer’s claim will not be challenged. However, 
if the sample results indicate that H, can be rejected, 
the decision will be that H, : и < 3 is true, that is, 
statistical evidence indicates that the manufacturer’s 
claim is incorrect and the mean gold plating in watches 
is less than the claimed 3 microns. 


4.3 Type I and Type П Errors 


4.3.1 There are two kinds of errors involved in taking 
the decision based on the tests of significance, namely: 


a) Type I error — Error in deciding that a 
significant difference exists when there is no 
real difference, that is, H, is rejected when it 
is true. 

b) Type П error — Error in deciding that no 
difference exists when there is a real 
difference, that is, H, is accepted when it is 
not true. 

4.3.2 Type I error and Type П error are also called error 
of the first kind and error of the second kind 
respectively. This process of decision-making is given 
below: 


Decision Н, True На True 
Reject Ho Туре I error (a) Correct decision 
Accept Ho Correct decision Type II error (В) 


4.4 Level of Significance 


Based on the distribution of test statistics used, it is 
possible to work out the probability of committing Type 
I error or Type II error. The probability of committing 
Type I error, when the null hypothesis is true is called 
level of significance (о). It is not possible to minimize 
both these probabilities (risk) at the same time. Hence, 
one of the risks, usually of the first kind, 1s controlled 
by assigning it a chosen level of probability. Generally 
the value for level of significance 15 chosen as 0.05 or 
0.01, that is, 5 percent or 1 percent. This implies 
confidence level of 95 percent or 99 percent 
respectively. 


4.5 The decision-making procedure involves the 
comparison of the calculated value of the test statistic 
with the tabulated value. If the calculated value is 
greater than or equal to the tabulated value of the 
statistic, then Н is rejected, thereby accepting Hj; 
otherwise తో 15 not rejected. For practical purpose, ‘Ho 
is not rejected’ is taken as “తో is accepted’. 


If the value is smaller than the tabulated value 
at 5 percent level of significance, the difference is given 
benefit of doubt due to sampling error and is considered 
not significant. If it is greater than the tabulated value 


at 5 percent level of significance and less than 1 percent 
level of significance then it is considered as significant. 
If it exceeds tabulated value of 1 percent, the difference 
is considered highly significant. 


4.6 p-value Approach 


In statistical tests of significance, p-value is the 
probability of obtaining a result equal to or more 
extreme than what was actually observed, assuming that 
the null hypothesis is true. The p-value is used to 
determine whether the null hypothesis should be 
rejected. Smaller is the p-value, larger the significance. 
Null hypothesis is rejected when the p-value is less than 
a predetermined level of significance, 0.05 or 0.01, that 
is, at 5 percent or 1 percent, otherwise Н, is accepted. 


4.7 For each test of significance, certain underlying 
assumptions are made (see 5.1 and 8.2). Hence, it 1s 
important that these tests are not used indiscriminately. 
If the assumptions are in doubt, it is advisable to obtain 
the guidance of a competent statistician to ascertain 
the feasibility of application of appropriate tests. 


5 ONE SAMPLE TEST — TESTING OF MEAN 
OF A POPULATION AGAINST A SPECIFIED 
VALUE 


5.1 To judge whether the population mean (и) differs 
significantly from a specified value, и, a sample of 
size n is taken from the population and sample mean 2 
1s calculated. 


In this case, null hypothesis is: Н: и = и 


Depending upon the situation, any one of the following 
three alternative hypotheses may be selected: 


a) H,:u* u,(two-sided), 

b) H,:u 7 u,(one-sided), and 

c) H,:u  u,(one-sided). 
It is assumed that the observations follow normal 
distribution and are drawn at random. Depending upon 
the knowledge about the population variance, two cases 
may arise as given below. 


5.2 Population Variance (o?) is Known 


In this case the normal (z) test is applied by computing 
the statistic 


z- Ix - 4| Vn | с for H, : u Zu, 
z= (X - iS) dno for H, : u > My 
z= (д-Х)Мп/а for H,:u < Mo 


The tabulated values of z are given in Annex A. These 
values will be used for taking the decision as per 4.4. 


5.2.1 Example 1 


A sample of size 10 from a consignment of resistors 
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gave the following values in kilo-ohms (k Q ): 


96 | 108 | 94 | 98 | 102 | 91 | 92 | 104 | 105 | 101 


The earlier measurements have shown that variation 
from consignment to consignment is stable and is 
represented by standard deviation of 3k Q . It is desired 
to find out whether the average value of the resistance 
for the consignment is: 


a) equal to 100 КО , and 
b) less than 100 КО. 


Solution 


From the 10 values of resistance, the average is obtained 
as X = 99.1. 


The null hypothesis is H, : u = 100. 


a) Inthis case, the alternative hypothesis will be 
two-sided, given as, Н: и = 100 The test 
statistic Is computed as: 


г= |X- uj 2/౮ 
= |99.1—100 |410/3 = 0.95 


Since the calculated value is smaller than 1.96, the 
tabulated value of z at 5 percent level of significance 
for two-sided test (see Annex A), the null hypothesis is 
not rejected at 5 percent level of significance, that 1s, 
the resistance of the consignment is not different from 
100 КО. 


b) Inthis case, the alternative hypothesis will be 
one-sided, given as, H,: u « 100 


The test statistic is computed as: 
z-(ug- X) Vn/o=(100—99.1) \ 10/3 =0.95 


Since the calculated value is smaller than 1.645, the 
tabulated value of z at 5 percent level of significance 
for one-sided test (see Annex A), the null hypothesis is 
not rejected at 5 percent level of significance, that is, 
the resistance of the consignment is not less than 
100 КО. 


5.3 Population Variance is Unknown 


5.3.1 In this case t-test is applied by computing the 
Statistic, 


t= | – uo | Nn % for Ну: и # ш 
1= (х- ид) Vn/s for Hi: и > ug 
t-(ug- x )Vn/s for Hi: и € ug 


where s? is the best unbiased estimate of o? and is 
calculated as: 


s= DE -3) a-d = -п 2 |/(n-1) 


i=l 
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The t-test is used for small samples (n < 30). When 
the sample is large, t-test approximates to Normal test 
(see 5.2). The degrees of freedom for t is (n—1) which 
18 one less than the number of observations. Tabulated 
values of t are given in Annex B. These values will be 
used for taking the decision as per 4.4. 


5.3.2 Example 2 


The measurement of the diameters (in mm) of 15 pins 
manufactured by a machine gives the values as: 


19.5 22.4 19.7 18.8 19.8 20.1 223 20.3 
21.8 20.9 21.7 16.9 184 18.5 21.7 


It is required to find out whether the average diameter 
of the pins differs significantly from the specified 
diameter of 20.0 mm or not. 


Solution 


The mean (x ) and the standard deviation (s) of the 
sample measurements are found to be 20.19 and 
1.62 mm respectively. 


The null hypothesis is that the mean diameter of the 
pins manufactured by this machine is equal to 20.0 mm, 
that is, Но: u = 20.0. 

The alternative hypothesis is two-sided, given as, 
A: u # 20.0. 


The t-test is applied by calculating: 
t=| x-uy|Nn/s. = [20.19-20.00 | 15/1.62 =0.454 


Since the calculated value of # is less than 2.145, the 
tabulated value of t at 5 percent level of significance 
(two-sided) with 14 degrees of freedom (see Annex B), 
the validity of the null hypothesis 15 not rejected at 
5 percent level of significance and the population mean 
diameter is taken to be in agreement with the specified 
diameter of 20.0 mm. 


5.3.2.1 Using p-value 


p-value = Probability of obtaining a value for the test 
statistic f 


p-value corresponding to test statistic t — 0.454 with 
14 degrees of freedom is 0.656 8 which is greater than 
0.05, the level of significance, а. Therefore the null 
hypothesis is not rejected. 


NOTE—p-values can be obtained using any statistical software. 
5.3.3 Example 3 


A manufacturer produces a special alloy steel with an 
average tensile strength of 180.0 MPa. A change in the 
composition of the alloy is said to increase the tensile 
strength without affecting the variability. Ten tests done 
on the steel with the new composition gave the 
following values (in MPa): 


178.2 180.5 181.8 182.4 182.8 183.1 183.4 183.8 
183.9 185.6 


It is required to find out whether the average tensile 
strength is significantly more than 180.0 MPa obtained 
for the earlier composition. 


Solution 


The mean (x ) and the standard deviation (5) of the 
sample test results are obtained as 182.55 and 2.04 
respectively. 


The null hypothesis (А) is that the mean tensile strength 
for the new composition is same as that for the earlier 
composition (equal to 180 MPa), against the alternative 
hypothesis that the new composition gives higher tensile 
strength than 180 MPa. 


The t-test is applied by calculating: 
t = (182.55 — 180.0) V10 / 2.04 = 3.95 


Since the calculated value of ¢ is greater than 1.833 
and 2.821, the tabulated values at 5 percent and 
1 percent levels of significance respectively, with 9 
degrees of freedom for one-sided test (see Annex B), 
the null hypothesis is rejected at 5 percent level of 
significance and it is concluded that the mean tensile 
strength of the steel with new composition is 
significantly higher than 180.0 M Pa corresponding to 
the earlier composition. 


5.3.3.1 Using p-value 


p-value = Probability of obtaining a value for the test 
statistic f 


p- value corresponding to test statistic t — 3.95 with 9 
degrees of freedom is 0.001 677 which is less than level 
of significance 0.05 and 0.01. The null hypothesis is 
rejected (not accepted) at 5 percent as well as 1 percent 
level of significance. 


6 TWO SAMPLES TEST — TESTING 
EQUALITY OF MEANS OF TWO 
POPULATIONS 


6.1 To find out whether the means of two populations 
(ш, and и) differ significantly from each other, two 
samples of sizes п and п, are obtained from Ше two 
populations and their respective means x and y are 
calculated. 


In this case, null hypothesis is Ну: и) = и 


Depending upon the situation, any one of the following 
three alternative hypotheses may be selected: 


а) H: и, = u, (two-sided), 

b) Н;:и,> и, (one-sided), and 

c) НҢ: ш, < и,(опе-514ед). 
Depending upon the knowledge about the variances of 
the two populations, two cases may arise as given 
below. 


6.2 Population Variances аге Known 


In this case the normal (z) test is applied by computing 
the statistic, 


z= | x-y Ш Г(о?/ па) + (6%/ л„)]* forH, ui zu 
г2-(х-у)/ | (с? /п) + (62,/ nj)]^ гн: >и, 
z-( Y- x)/[(o^/n) + ((65/ nj]^ forH, :u, си, 


where o, and с, denote the known standard deviations 
for the two populations. x and y are the means ofthe 
samples of sizes n; and n, drawn from these populations 
respectively. The table values ofz are given in Annex A. 
These values will be used for taking the decisions as 
per 4.4. 


6.2.1 Example 4 


A sample of size 10 of a particular type of yarn were 
tested from the consignment of manufacturer A whereas 
results from a sample of size 12 were available for 
manufacturer B. The breaking load (in Newton) of the 
samples tested is given in Table 1. 


It is known that the standard deviations for breaking 
load have been satisfactorily established from the earlier 
measurements as 0.36 for both the manufacturers. It is 
desired to compare whether the mean breaking load of 
the yarn for: 


a) two manufacturers is significantly different 
from each other. 

b) manufacturer A is less than that for 
manufacturer B. 


Table 1 Breaking Load Values 
(Clause 6.2.1) 


Manufacturer A Manufacturer B 


(1) (2) 
23 23 
2.6 23 
19 2.4 
24 32 
2.0 32 
21 2.8 
19 22 
2.0 2.4 
1.6 22 
29 25 

21 

2.7 


Solution 


From the data, the average breaking load for the two 
manufacturers is obtained as: 


Manufacturer A: x = 2.17 

Manufacturer B: у = 2.52 
The null hypothesis (Н) is that the mean breaking load 
of the yarn for the two manufacturers is the same. 
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a) In this case, the alternative hypothesis is that 
the mean breaking load ofthe yarn for the two 
manufacturers is different. The test-statistic 1s 
computed as, 


z= | x-y |/ [(62/ nj) + (6?) nj)]^ 
= | 2.17-2.52 |/1(0.36)2/ 10) + (0.36)2/12у12 
= 2.59 


Since this calculated value is greater than 1.960 and 
2.576, the tabulated value at 5 percent and 1 percent 
level of significance (for two-sided test) from Annex A, 
the null hypothesis, that the mean breaking load of the 
yarn for the two manufacturers is same, is rejected at 5 
percent level of significance. It is concluded that the 
mean breaking load of the yarn for two manufacturers 
is significantly different from each other and the 
difference is highly significant. 


b) In this case, the alternative hypothesis is that 
the mean breaking load of the yarn for 
manufacturer A is lower than that of 
manufacturer B. The test statistic is computed 
as: 


z-(x-Y)/[(o^/ nj) + (o^) nj)]^ = 2.59 


Since this is greater than 1.645 and 2.326, the tabulated 
values at 5 percent and 1 percent levels of significance 
respectively, for one-sided test (see Annex A), the null 
hypothesis that the mean breaking load ofthe yarn for 
the two manufacturers is same, is rejected at 5 percent 
level of significance. The difference is highly 
significant. 


6.3 Population Variances are not Known 


6.3.1 Independent Populations with Variances Assumed 
to be Equal 


In this case, t-test is applied by computing the following 
statistic: 


t7|x-»|/s'[m*n,)/nyn,]^ for Hy: щш, 
г=(у—х)/ Ка) / пп |? for Hy: и > и 
t-(y-x)/s'[nj* nj) /nun,]^ for Hi: u, X us 


where, s' refers to the standard deviation of the pooled 
samples and is given by: 


s'—-[X Gu -xY*E(y;-»Y]^/(n + ny – 2)” 
=[х + Zy? -n x? -m Y? (n tm- 2) * 


This ¢-test should satisfy all the conditions mentioned 
in the case of one sample t-test (see 5.3). Over and 
above, for two samples t-test, additional condition that 
the population variances are same should also be 
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satisfied. The pooled variance s” has, in fact, been 
calculated on the basis of the above assumption. Thus, 
it is necessary first to test the equality of variances 
(see 8) before applying the t-test. 


The t in this case has (n, + n,— 2) degrees of freedom. 
The rules for rejection of the null hypothesis regarding 
the equality of two means are similar to those given 
in 5.3 for one sample. For large sample sizes, 
t-test approximates to Normal test. 


6.3.1.1 Example 5 


To verify the contention that for the characteristic of 
water soluble ash (expressed as percentage of total ash), 
the black tea (from Kangra valley) gives a higher value 
than the green tea (from Dehra Dun valley), data were 
collected pertaining to both these teas. The water 
soluble ash of 15 test results pertaining to black tea 
and 12 test results pertaining to green tea are given in 
Table 2. 


Table 2 Water Soluble Ash for 
Two Varieties of Tea 
(Clause 6.3.1.1) 


Black Tea Green Tea 
(1) (2) 
40.4 40.0 
41.9 43.4 
50.0 48.0 
55.9 60.9 
33.9 44.8 
46.0 42.1 
44.8 44.7 
50.2 47.2 
48.0 40.5 
36.3 40.1 
49.0 38.0 
51.8 46.2 
47.9 — 
51.9 -- 
45.8 -- 


For Ше black tea Ше mean x = 46.3 and Ше sample 
size n, = 15, whereas for the green tea the 
mean у = 44.7 and the sample size п, = 12. The pooled 
standard deviation 5" for the two samples was calculated 
as = 6.0. 


To test the null hypothesis that the mean value of water 
soluble ash for the two teas is the same against the 
alternative hypothesis that the water soluble ash for 
black tea is more than that for the green tea, ¢ statistic 
is calculated as: 


t-(x- y)/s'[m + по) / путу“ 
= (46.3 – 44.7) /6.0 [65 + 12) / (15 x 12)] = 0.69 


Since the calculated value of 15 smaller than the 


tabulated value of 1.708 at 5 percent level of 
significance for 25 degrees of freedom (one-sided test) 
from Annex B, the null hypothesis is not rejected. 
Hence, the water soluble ash for the two tests is the 
same. 


6.3.1.2 Using p-value 


p-value = Probability of obtaining a value for the test 
statistic f 


p-value corresponding to test statistic t — 0.69 with 25 
degrees of freedom is 0.248 3 which is greater than 
0.05, the level of significance, (о). Therefore the null 
hypothesis is not rejected. 


6.3.2 Independent Populations with Variances not 
Assumed to be Equal 


In this case, Fisher-Behren's test is applied by 
computing the following statistic: 


d-|x-»l/tis2/Q -1) + (s2/(- 1)}]° 
Let tan? 0 = 5,2 (n, — 1) / s? (n5— 1) 


where, 5; and s, denote the standard deviations of the 
two samples of sizes n, and п, respectively. 


The value oftan 0 is obtained from the above relation. 
The value of 0 from tan 0 is then obtained from 
Annex C. The tabulated values ofd for given values of 
Ө, n, and n, are given in Annex D. These values will be 
used for taking the decision as per 4.4. 


6.3.3 Related Populations (Paired t-Test) 


In some situations, the difference between two 
dependent observations is of more interest than the 
individual observations. Thus the observations may 
occur in pairs, each pair arising under the same 
experimental conditions with the conditions varying 
from pair to pair. In such a case the differences between 
the observations in each pair are taken and t-test 15 
applied on these differences. The null hypothesis is that 
the mean ofthe differences is zero against the alternative 
hypothesis that the mean of the difference is not equal 
to zero. 


6.3.3.1 Example 6 


The test results for compressive strength of 16 cements 
using two grades of standard sand are obtained as in 
col 2 and 3 of Table 3. It is required to examine whether 
or not there is a significant effect of the grade of sand 
on the average compressive strength of cements. 


Solution 


Xd =-1.2 and Ха? = 0.48 


d -Xd/n--0.08 


Table 3 Compressive Strength of Cement Using 
Two Grades of Sand 
(Clause 6.3.3.1) 


Cement Compressive Strength for Sand Differences, d 
No. А B (2)- (3) 
(1) (2) (3) (4) 

1 24.1 24.0 0.1 
2 23.2 23.4 -0.2 
3 26.0 26.0 0.0 
4 23.7 23.9 -0.2 
5 26.5 26.5 0.0 
6 27.0 27.0 0.0 
7 27.1 26.9 0.2 
8 23.5 23.9 -0.4 
9 26.1 26.0 0.1 
10 25.3 25.5 -0.2 
11 26.3 26.5 -0.2 
12 23.3 233 0.0 
13 227 23.0 –0.3 
14 25.8 25.8 0.0 
15 27.5 27.5 0.0 
16 222 223 -0.1 


5? = [Ed? — (Zd)?/ n] / (n — 1) = 0.026 
5=0.16 


To examine if the average difference is significantly 
different from zero, the null hypothesis is Hy: q = 0 
against the alternative hypothesis, H,: а = 0. 


t=|q —0| Nn /s = 0.08 x V 16/0.16 =2.0 


This value is less than 2.131, the tabulated value of t at 
5 percent level of significance (two-sided) with 
15 degrees of freedom (see Annex B). Hence the null 
hypothesis that the average compressive strength of the 
cement does not differ with the two grades of the 
standard sand is not rejected. 


6.3.3.1.1 Using p-value 
p-value = Probability of obtaining a value for the test 
statistic 7 
p-value corresponding to test statistic t = 2.0 with 
15 degrees of freedom is 0.063 94 which is greater 
than 0.5, the level of significance, а. Therefore the null 
hypothesis is not rejected. 
6.3.3.2 Example 7 
The weights of 10 boys before they are subjected to a 
change of diet and after a lapse of six months are given in 
Table 4. It is required to test whether there has been a 
significant gain in weight as a result of the change of diet. 
The null hypothesis is Ну: и, =“, against the alternative 
hypothesis, H; : и, > uy. Since x and y follow normal 
distribution, the difference d will also follow normal 
distribution. The t-statistic is calculated as 

Vn 


г- 4 
Sa 


with (n — 1) degrees of freedom of d. 
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Table 4 Weight of Boys Before and After 
Change of Diet 
(Clause 6.3.3.2) 


51 Weight Before (kg) Weight After (kg) Difference 
No. yi Xi di —Xi—Ji 
(1) (2) (3) (4) 

1 109 115 6 
2 112 120 8 
3 98 99 1 
4 114 117 3 
5 102 105 3 
6 97 98 1 
7 88 91 3 
8 101 99 -2 
9 89 93 4 

10 91 89 -2 

25 
= 22-25 
Hence d 10 


1 –10%(2. 4 $ 
ga a 2 = 10.055 =3.171 
and p=, [LOX2:5 3162Х25 _, 403 
3.171 3.171 


Since the calculated value is greater than 1.833 and 
less than 2.821, the tabulated value of 7 at 5 percent 
and 1 percent level of significance for 9 degrees of 
freedom (one-sided test) respectively from Annex B, 
the calculated value is thus significant at the 5 percent 
but not significant at the 1 percent level of significance. 
If we choose Ше 5 percent level, then the null hypothesis 
should be rejected and it can be said that the change in 
diet results in gain in the average weight. 


6.3.3.3 If the number of observations in the sample, n, 
becomes large, the t-test becomes equivalent to the 
Normal test. When the sample size is greater than 30, 
Normal test may be used instead of t-test for all practical 
purposes. 


7 TESTING FOR PROPORTION 


7.1 The normal test described in 5.2 and 6.2 may also 
be extended to the testing for proportions. If the 
binomial proportion p (obtained as the ratio of the 
number of successes in п repetitive trials) is to be tested 
against a specified value p, then the null hypothesis 15 
Hy: p = Po against the three possible alternative 
hypotheses, namely 


H: те p, (two-sided) 
H: т € p, (one-sided) 
H: T> p, (one-sided) 
where л is the population proportion of success. Further, 


n should be sufficiently large, say more than 30. Then 
the z-statistic to be calculated 1s obtained as 


z-|P - poll [po (1 – ро) / п]? for H: tZ pg 
z-(po-P)llpo(1 - po/n]^ forH,:x«p, 
2 =(ро– P) | [Po (1 - Po) / n]^ for H : 1» p, 


IS 6200 (Part 1) : 2018 


The tabulated values of z are given in Annex A. These 
values will be used in taking the decision as per 4.4. 


7.1.1 Example 8 


A purchaser picks up at random a sample of size 15 
from a lot and finds one non-conforming item. It is 
required to test the hypothesis that the lot contains 5 
percent non-conforming items. 


Here, p = 1/15 = 0.067; n 5/100 — 0.05 


15; po 


To examine if the proportion non-conforming in the 
lot, ро 15 0.05, the null hypothesis Ну: т = ро is tested 
against the alternative hypothesis И: л = ро 


The z statistic is calculated as 
=| 0.067 – 0.05|/ [0.05(1 — 0.05) /15]* 
= 0.017 / 0.056 = 0.30 


This value is less than 1.96, the tabulated value of z at 5 
percent level of significance (two-sided) (see Annex A). 
Hence, the null hypothesis that the proportion non- 
conforming in the lot is 0.05 is not rejected. 


7.2 In the case of testing the equality of two proportions 
corresponding to two populations, if p, and p, are the 
two proportions obtained on the basis of samples of 
size n, and n, drawn from the two populations 
respectively, then calculate: 


р'= (тру + пор») / (n + nj) 


In this case, the null hypothesis is Hp: п, = л, against 
the alternative hypothesis Н, : ли + m, or H,: n < m, or 
Ну:тү>т,. 


The z-statistic to be used is obtained as: 


2=|р,-р,|/ [р'(1-р') (п, + по) /п по 


for H, : пет, 


2=(р,-р,)/ [р'(1-р) (п, + п) /п п]? 


for H, : T> T 


z-(po- Р\у)/[р'(1-р') (n, + nj) /n, ny)” 
for Н : T< m; 
The rules for rejecting or not rejecting the null 
hypothesis are similar to those given in 7.1. 
7.2.1 Example 9 


A machine puts out 20 imperfect articles in a sample of 
500. After machine is overhauled, it produced 3 
imperfect articles in a batch of 100. Has the machine 
improved? 


Here, n, = 500, p, = 20/500 = 0.04, п, = 100, 
p 473/100 = 0.03 


The null hypothesis is Ну: т, = л, and the alternative 
hypothesis 15 И, : 1, >л, 


р' = ( 500 x 0.04 + 100 x 0.03) / (500 + 100) = 0.038 


The test statistic 15 computed as: 


z-(Ppi-P3/[p' (1-р') (n + nj)/ тп]? 
=(0.04 — 0.03) / [ 0.038 (1 — 0.038) (500 + 100) / 
500 x 100]^ 
=0.01/0.021 = 0.48 
This value is less than 1.645, the tabulated value of z at 
5 percent level of significance (one-sided) (see 


Annex A). Hence the null hypothesis is not rejected, 
that is the machine has not improved. 


8 TESTING EQUALITY OF VARIANCES 


8.1 To test the equality of the variances of the two 
populations, say 6,2 and o,”, null hypothesis is, 
Ну: сү 0,7. 
The alternative hypothesis may be one-sided or two- 
sided as: 

Н;: о 0, (two-sided), and 

H, : o> с,2 (one-sided). 
Thus, if the variances of the samples of sizes n, and n, 


from the two populations be з 2 and 5,2, respectively, 
the following statistic is computed: 


F= s,?/ 5,2 for Ну: сү” # 0 
F-s sy for Ну: с> с) 
Е = 512/5 ,2 for Ну: с2< 605 


уућеге 
s =L- x)? o ПО —2 xU T 


52 = У 0- у) (т-– 1) = Èy -my )/ (и –1) 


The larger of two variances is taken in the numerator. 
The value of F is associated with (n,—1), (1-1) degrees 
of freedom when 5,2“ 5,2. In case 5,2 is greater than 51“, 
the degrees of freedom would be ( n, — 1), (n, - 1). 


The tabulated values of F are given in Annex E. These 
values will be used for taking the decision as per 4.4. 


8.1.1 Example 10 


There are two alternative methods X and Y available 
for making a chemical determination in parts per million 
(ppm). The results of 20 determinations by Method X 
ona given sample and 15 determinations by Method Y 
on the same sample are given in Table 5. It is required 
to find whether any one method gives more consistent 
results. 


Solution 


The variances of the two sets of results as indicated in 
8.1 are obtained as 


512 =0.062 for Method X, and 
55? =0.019 for Method Y. 


Table 5 Chemical Determination by Two Methods 
(Clause 8.1.1) 


Method X Method Y 
(1) (2) 
00 0.75 
0.95 0.70 
45 0.70 
0.70 0.95 
.05 0.75 
0.95 0.90 
.15 1.00 
0.95 1.05 
35 1.10 
10 0.95 
50 0.85 
0.80 0.80 
0.95 0.70 
10 1.05 
0.85 0.85 
30 
0.75 
0.90 
55 
25 
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In this case, the null hypothesis is that the variations in 
results of the chemical determination by the two 
methods are the same against the alternative hypothesis 
that one method gives more consistent results than the 
other. 


Applying the F-test, 
F=s,7/ s = 0.062 / 0.019 = 3.235 


Since the calculated value of F is greater than 2.40 
which is the tabulated value at 5 percent level of 
significance with 19 degrees and 14 degrees of freedom 
in the Table given in Annex E (for one-sided test), the 
null hypothesis is rejected. Further, since 5,2 is smaller 
than 5,2, it is concluded that the Method Y gives more 
consistent results as compared to Method X. 


It may be noted that the calculated value of Е 15 smaller 
than 3.53 which is the tabulated value at 1 percent level 
of significance with 19 degrees and 14 degrees of 
freedom in the Table in Annex E (for one sided test). 


8.2 Like t-test, the F-test is also based on the assumption 
of the normality and independence of the observations 
(see also 4.4). 


ANNEX А 
(Clauses 5.2, 6.2, 6.2.1, 7.1.1 and 7.2.1) 
CRITICAL VALUES OF STANDARD NORMAL DISTRIBUTION (z) 


Significance Level (о) 
(1) 


0.05 
0.01 


One- Sided Test 
(2) (3) 


1.645 
2.326 


Two-Sided Test 


1.960 
2.576 
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ANNEX B 


(Clauses 5.3.1, 5.3.2, 5.3.3, 6.3.1.1, 6.3.3.1 and 6.3.3.2) 
CRITICAL VALUES OF t-DISTRIBUTION 


Degrees of One-Sided Test Two-Sided Test 
Freedom Significance Levels Significance Levels 
5% 1% 5% 1% 

(1) (2) (3) (4) (5) 
1 6.314 31.821 12.706 63.657 
2 2.920 6.965 4.303 9.925 
3 2.353 4.541 3.182 5.841 
4 2.132 3.747 2.776 4.604 
5 2.015 3.365 2.571 4.032 
6 1.943 3.143 2.447 3.707 
7 1.895 2.998 2.365 3.499 
8 1.860 2.896 2.306 3.355 
9 1.833 2.821 2.262 3.250 
10 1.812 2.764 2.228 3.169 
11 1.796 2.718 2.201 3.106 
12 1.782 2.681 2.179 3.055 
13 1.771 2.650 2.160 3.012 
14 1.761 2.624 2.145 2.977 
15 1.753 2.602 2.131 2.947 
16 1.746 2.583 2.120 2.921 
17 1.740 2.567 2.110 2.898 
18 1.734 2.552 2.101 2.878 
19 1.729 2.539 2.093 2.861 
20 1.725 2.528 2.086 2.845 
21 1.721 2.518 2.080 2.831 
22 1.717 2.508 2.074 2.819 
23 1.714 2.500 2.069 2.807 
24 1.711 2.492 2.064 2.797 
25 1.708 2.485 2.060 2.787 
26 1.706 2.479 2.056 2.779 
27 1.703 2.473 2.052 2.771 
28 1.701 2.467 2.048 2.763 
29 1.699 2.462 2.045 2.756 
30 1.697 2.457 2.042 2.750 
31 1.645 2.326 1.960 2.756 


10 
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ANNEX C 
(Clause 6.3.2) 
VALUES OF NATURAL TANGENTS 


Mean Differences 


Degree 


01396 | 01571 


00175 


03492 03667 [03842 [04016 [04191 | 04366 | 04541 | 04716 | 04891 | 05066 | 29 
05241 [05416 | 05591 [05766 [05941 | 06116 | 06291 [064767| 06642 | 06817 | 29 8 
.06993 [07168 [07344 [07519 | 07695 | 07870 | 08046 | 08221 | 08397 | 08573 | 29 87 (и 


s» 119140 
15858 1601716196 16761655. 16734 | 16914 | 17093 [17273 | 17453 | 30 | 60 90 120150 


| 9 а p [pe 


Sese 


17813 


17993 | 18173 


19619 


19801 | 19982 


2.1438 


2.1621 |21804 


23271 


23455 | 23639 


25118 


25304 | 25490 


26982 


27169 | 27357 


28864 


29053 | 29242 


30764 


30955 | 31147 


32685 


32878 | 33072 


34628 


34824 | 35019 


у నల కల ПЕ ЕН ЕН [Ye Са (ЕЕ 
2. | 56597 36595 [36793 36991 [57196 37388 | 37388 | s7787 | s7986 | 58186 эз | 66 99 [3s 166. 
21. 3386 [38587 [3878738988139190 67 
2 4222 [34 Јов 102 136,170 
23. [42447 4265442860 43067 [45274 | азав1 | 43680 | 43897 | 44105 | 44314 | за | во 101 138 | 175. 
m 46418 [3s [70 

Eq Бове ПИ ары ПН АЦЕ АЕ ишш БЕ БЕН Ой Пе И 
5 n 
26 n 


27. | .50953 | 51173 |51393151614151835 | 52057 | 52279 | 52501 | 52724 | 52947 | 37 | 74 | 111148 185 


28. |.53171 | 52395 | 53620 | 53844 | 54070 | 54296 | 54522 | 54748 | 54975 | 55203 | 38 | 75 [1131151 188 


29.1.55431 | 55659 | 55888 | 56117 | 56347 | 56577 | 56808 | 57039 | 57271 | 57503 | 38 | 77 |115|154| 192 


118 
120 


59612 
62003 


59849 | 39 | 78 
62245 | 40 | 79 


157 | 196 
160 | 200 


30. |.57735 
31. |.60086 


57968 
60324 


58201 |58435 |58670 
60562 | 60801 | 61040 


58905 
61280 


59376 
61761 
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0’ 
0°.0 
‚62487 


‚64941 
‚67451 


‚70021 
‚72654 


6? 
0°.1 
62730 


65189 
67705 


70281 
72921 


12? 
0°.2 
62973 


65438 
67960 


70542 
73189 


18? 
0°.3 
63217 


65688 
68215 


70804 
73457 


24 
0*4 


63462 | 63707 | 63953 | 64199 | 64446 


65938 | 66189 | 66440 | 66692 | 66944 | 67197 
69243 | 69502 | 69761 


68471 


71066 
73726 


68728 


71329 


68985 


71593 


54" 


0°.9 


Mean Differences 


64693 123 


71857 | 72122 | 72388 | 44 | 88 132 176 219 | 


74538 | 74810 


1 |2 
41 

42 | 84 
43 | 86 
44 | 88 
45 | 90 


4) 5 

164| 205 
167| 209 
129|171| 214 
176| 219 
5|180| 225 


13 


.75355 


75629 


75904 


76180 


76456 


77289 | 77568 


92 


139 185, 231 


‚78129 


78410 


78692 


78975 


79259 


80115 | 80402 


95 


142 |190 237 


.80978 


81268 


81558 


81849 


82141 


83022 | 83317 


98 


147 |195 | 244 


.83910 


84208 


84507 


84806 


85107 


86014 | 86318 


1512011 252 


.86929 
.90040 
.93252 
.96569 


. 1.00000 
. 1.03553 


87236 
90357 
93578 
96907 


00350 
03915 


87543 
90674 
93906 
97246 


00701 
04279 


87852 
90993 
94235 
97586 


01053 
04644 


88162 
91313 
94565 
97927 


01406 
05010 


89097 | 89410 


103 |155 


207 | 259 


94896 | 95229 | 95562 | 95897 | 96232 | 55 1111165 221 276 
98270 | 98613 | 98958 | 99304 


01761 | 02117 | 02474 | 02832 | 03192 | 58 |118]1771237 296 


06117 | 06489 


99652 | 57 114,171 229 286 


. 1.07237 


07613 


07990 


08369 


08749 


. 1.11061 


11452 


11844 


12238 


12633 


. 1.15037 


15443 


15851 


16261 


16672 


. 1.19175 


19599 


20024 


20451 


20879 


22176 | 22612 


. 1.23490 


23931 


24375 


24820 


25268 


26622 | 27077 


. 1.27994 
. 1.32704 
. 1.37638 
. 1.42815 
. 1.48256 
. 1.53987 
. 1.60033 


28456 
33187 
38145 
43347 
48816 
54576 
60657 


28919 
33673 
38653 
43881 
49378 
55170 
61283 


29385 
34160 
39165 
44418 
49944 
55767 
61914 


29853 
34650 
39679 
44958 
50512 
56366 
62548 


56969 


57575 
63826 


31269 | 31745 


58184 | 58797 | 59414 |100 


65772 1106 


2013021403 504 


. 1.66428 


67088 


67752 


68419 


69091 


70446 


71129 | 71817 


72509 |113 


. 1.73205 


73905 


74610 


75318 


76032 


77471 


78198 | 78929 


79665 |120 


- |1.80405 


81150 


81900 


82654 


83413 


84946 


85720 | 86500 


87283 |128 


. 1.88073 


88867 


89667 


90472 


91282 


92920 


93746 | 94579 


95417 |136 


. 1.96261 


97111 


97967 


98828 


99695 


2.00569 


2.01449 


2.02335|2.03227 


2.04125) 146 


. 2.05030 


05942 


06860 


07785 


08716 


10600 


. 2.14451 


15432 


16420 


17416 


18419 


20449 


. 2.24604 


25663 


26730 


27806 


28891 


31086 


. {2.35585 


36733 


37891 


39058 


40235 


42618 


. 2.47509 


48758 


50018 


51289 


52571 


55170 


. 2.60509 


61874 


63252 


64642 


66046 


68892 


. 2.74748 


76247 


77761 


79289 


80833 


83965 


12 


6' 12' 18? 
0*.1 | 0°.2 | 023 


36" 
0“.6 


54" 
0°.9 


. 2.90421 95437 |97144 | 98868 3.006113.02372.3.041523.05950 
. |3.07768 11464 | 13341 | 15240 | 17159 | 19100 | 21063 | 23048 | 25055 


. [3.27085] 29139 |31216133317 | 35443 
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Mean Differences 


. [3.48741] 51053 | 53393 | 55761 | 58160 


‚ [3.73205] 75828 


81177 |83906 


. 4.01078/04081 |07127 | 10216 | 13350 


as i 6 ано Бане 05075. ooro] 
дават | soa [5577 вт [|_| 


[5034191236 | 97576 [6.0405 .10664[6.17419)6.24321) | 


. [4.33148] 36623 | 40152 | 43735 | 47374 


- (6.31375) 38587 | 45961 | 53503 | 61220 


69116 | 77199 | 85475 


93952 |7.02637 


- |7.11537| 20661 | 30018 | 39616 | 49465 


59575 | 69957 | 80622 


91582 |8.02848 


. [8.14435] 26356 | 38625 | 51259 | 64275 


77689 | 91520 |9.05789 


9.205169.35724 


- 19.5143619.67689.8448110.019110.199 


10.385 | 10.579 | 10.780 


10.988 | 11.205 


11.430 11.664 11.9090 12.163 12.429 


12.706 | 12.996 | 13.300 


13.617 | 13.951 
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ANNEX D 
(Clause 6.3.2) 
SIGNIFICANCE OF DIFFERENCE BETWEEN TWO MEANS 
(1) (2) (3) (4) (5) (6) (7) (8) (9) 
ni 0? 15? 30? 45? 60? 75? 90? 
5 percent points 6 2.447 2.440 2.435 2.435 2.435 2.440 2.447 
8 2.447 2.430 2.398 2.364 2.331 2.310 2.306 
п=6 12 2.447 2.423 2.367 2.301 2.239 2.193 2.179 
24 2.447 2.418 2.342 2.247 2.156 2.088 2.064 
oo 2.447 2.413 2.322 2.201 2.082 1.993 1.960 
6 2.306 2.310 2.331 2.364 2.398 2.430 2.447 
8 2.306 2.300 2.294 2.292 2.294 2.300 2.306 
то = 8 12 2.306 2.292 2.262 2.229 2.201 2.183 2.179 
24 2.306 2.286 2.236 2.175 2.118 2.077 2.064 
oo 2.306 2.281 2.215 2.128 2.044 1.982 1.960 
6 2.179 2.193 2.239 2.301 2.367 2.423 2.447 
8 2.179 2.183 2.201 2.229 2.262 2.292 2.306 
п = 12 12 2.179 2.175 2.169 2.167 2.169 2.175 2.179 
24 2.179 2.168 2.142 2.112 2.085 2.069 2.064 
oo 2.179 2.163 2.120 2.064 2.011 1.973 1.960 
6 2.064 2.088 2.156 2.247 2.342 2.418 2.447 
8 2.064 2.077 2.118 2.175 2.236 2.286 2.306 
по = 24 12 2.064 2.069 2.085 2.112 2.142 2.168 2.179 
24 2.064 2.062 2.058 2.056 2.058 2.062 2.064 
oo 2.064 2.056 2.035 2.009 1.983 1.966 1.960 
6 1.960 1.993 2.082 2.201 2.322 2.413 2.447 
8 1.960 1.982 2.044 2.128 2.215 2.281 2.306 
По о 12 1.960 1.973 2.011 2.064 2.120 2.163 2.179 
24 1.960 1.966 1.983 2.009 2.035 2.056 2.064 
oo 1.960 1.960 1.960 1.960 1.960 1.960 1.960 
lpercentpoints 6 3.707 3.654 3.557 3.514 3.557 3.654 3.707 
8 3.707 3.643 3.495 3.363 3.307 3.328 3.355 
ny =6 12 3.707 3.636 3.453 3.246 3.104 3.053 3.055 
24 3.707 3.631 3.424 3.158 2.938 2.822 2.797 
oo 3.707 3.626 3.402 3.093 2.804 2.627 2.576 
6 3.355 3.328 3.307 3.363 3.495 3.643 3.707 
8 3.355 3.316 3.239 3.206 3.239 3.316 3.355 
п = 8 12 3.355 3.307 3.192 3.083 3.032 3.039 3.055 
24 3.355 3.301 3.158 2.988 2.862 2.805 2.797 
oo 3.355 3.295 3.132 2.916 2.723 2.608 2.576 


14 


(1) 


2.576 
2.576 
2.576 
2.576 
2.576 


3.093 
2.916 
2.775 
2.664 
2.576 


609 
3.402 
3.132 
2.909 
2.726 
2.576 
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3.626 
3.295 
3.014 
2.777 
2.576 


90° 
3.707 
3.355 
3.055 
2.797 
2.576 


91 


ANNEX E 
(Clause 8.1.1) 


CRITICAL VALUES OF THE F-DISTRIBUTION 


Significance Level 0.005 


(For one-sided test) 


Degree of 
ge 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 30 40 50 60 80 100 | ee 
(m-1) 

у 

1 161 | 200 | 216 | 225 | 230 | 234 | 237 | 239 | 241 | 242 | 243 | 244 | 245 | 245 | 246 | 246 | 247 | 247 | 248 | 248 | 250 | 251 | 252 | 252 | 252 | 253 | 254 
2 18.5 | 19.0 | 19.2 | 19.2 | 19.3 | 19.3 | 19.4 | 19.4 | 194 | 19.4 | 19.4 | 194 | 19.4 | 19.4 | 19.4 | 194 | 19.4 | 19.4 | 194 | 19.4 | 19.5 | 19.5 | 19.5 | 19.5 | 19.5 | 19.5 | 19.5 
3 10.1 | 9.55 | 9.28 | 9.12 | 9.01 | 8.94 | 8.89 | 8.85 | 8.81 | 8.79 | 8.76 | 8.74 | 8.73 | 8.71 | 8.70 | 8.69 | 8.68 | 8.67 | 8.67 | 8.66 | 8.62 | 8.59 | 8.58 | 8.57 | 8.56 | 8.55 | 8.53 
4 7.71 | 6.94 | 6.59 | 6.39 | 6.26 | 6.16 | 6.09 | 6.04 | 6.00 | 5.96 | 5.94 | 5.91 | 5.89 | 5.87 | 5.86 | 5.84 | 5.83 | 5.82 | 5.81 | 5.80 | 5.75 | 5.72 | 5.70 | 5.69 | 5.67 | 5.66 | 5.63 
5 6.61 | 5.79 | 5.41 | 5.19 | 5.05 | 495 | 4.88 | 4.82 | 4.77 | 4.74 | 4.70 | 4.68 | 4.66 | 4.64 | 4.62 | 4.60 | 4.59 | 4.58 | 4.57 | 4.56 | 4.50 | 4.46 | 4.44 | 4.43 | 4.41 | 4.41 | 4.37 
6 5.99 | 5.14 | 4.76 | 4.53 | 4.39 | 4.28 | 421 | 4.15 | 4.10 | 4.06 | 4.03 | 4.00 | 3.98 | 3.96 | 3.94 | 3.92 | 3.91 | 3.90 | 3.88 | 3.87 | 3.8! | 3.77 | 3.75 | 3.74 | 3.72 | 3.71 | 3.67 
7 5.59 | 4.74 | 4.35 | 4.12 | 3.97 | 3.87 | 3.79 | 3.73 | 3.68 | 3.64 | 3.60 | 3.57 | 3.55 | 3.53 | 3.51 | 3.49 | 3.48 | 3.47 | 3.46 | 3.44 | 3.38 | 3.34 | 3.32 | 3.30 | 3.29 | 3.27 | 3.23 
8 5.32 | 4.46 | 4.07 | 3.84 | 3.69 | 3.58 | 3.50 | 3.44 | 3.39 | 3.35 | 3.31 | 3.28 | 3.26 | 3.24 | 3.22 | 3.20 | 3.19 | 3.17 | 3.16 | 3.15 | 3.08 | 3.04 | 3.02 | 3.01 | 2.99 | 2.97 | 2.93 
9 5.12 | 4.26 | 3.86 | 3.63 | 3.48 | 3.37 | 3.29 | 3.23 | 3.18 | 3.14 | 3.10 | 3.07 | 2.05 | 3.03 | 3.01 | 2.99 | 2.97 | 2.96 | 2.95 | 2.94 | 2.86 | 2.83 | 2.80 | 2.79 | 2.77 | 2.76 | 2.71 
10 4.96 | 4.10 | 3.71 | 3.48 | 3.33 | 3.22 | 3.14 | 3.07 | 3.02 | 2.98 | 2.94 | 2.91 | 2.89 | 2.86 | 2.85 | 2.83 | 2.81 | 2.80 | 2.78 | 2.77 | 2.70 | 2.66 | 2.64 | 2.62 | 2.60 | 2.59 | 2.54 
11 4.84 | 3.98 | 3.59 | 3.36 | 3.20 | 3.09 | 3.01 | 2.95 | 2.90 | 2.85 | 2.82 | 2.79 | 2.76 | 2.74 | 2.72 | 2.70 | 2.69 | 2.67 | 2.66 | 2.65 | 2.57 | 2.53 | 2.51 | 2.49 | 2.47 | 2.46 | 2.40 
12 4.75 | 3.89 | 3.49 | 3.26 | 3.11 | 3.00 | 2.91 | 2.85 | 2.80 | 2.75 | 2.72 | 2.69 | 2.66 | 2.64 | 2.62 | 2.60 | 2.58 | 2.57 | 2.56 | 2.54 | 2.47 | 2.43 | 2.40 | 2.38 | 2.36 | 2.35 | 2.30 
13 4.67 | 3.81 | 3.41 | 3.18 | 3.03 | 2.92 | 2.83 | 2.77 | 2.71 | 2.67 | 2.63 | 2.60 | 2.58 | 2.55 | 2.53 | 2.51 | 2.50 | 2.48 | 2.47 | 2.46 | 2.38 | 2.34 | 2.31 | 2.30 | 2.27 | 2.26 | 2.21 
14 4.60 | 3.74 | 3.34 | 3.11 | 2.96 | 2.85 | 2.76 | 2.70 | 2.65 | 2.60 | 2.57 | 2.53 | 2.51 | 2.48 | 2.46 | 2.44 | 2.43 | 2.41 | 2.40 | 2.39 | 2.31 | 2.27 | 2.24 | 2.22 | 2.20 | 2.19 | 2.13 
15 4.54 | 3.68 | 3.29 | 3.06 | 2.90 | 2.79 | 2.71 | 2.64 | 2.59 | 2.54 | 2.51 | 2.48 | 2.45 | 2.42 | 2.40 | 2.38 | 2.37 | 2.35 | 2.34 | 2.33 | 2.25 | 2.20 | 2.18 | 2.16 | 2.14 | 2.12 | 2.07 
16 4.49 | 3.63 | 3.24 | 3.01 | 2.85 | 2.74 | 2.66 | 2.59 | 2.54 | 2.49 | 2.46 | 2.42 | 2.40 | 2.37 | 2.35 | 2.33 | 2.32 | 2.30 | 2.29 | 2.28 | 2.19 | 2.15 | 2.12 | 2.11 | 2.08 | 2.07 | 2.01 
17 4.45 | 3.59 | 3.20 | 2.96 | 2.81 | 2.70 | 2.61 | 2.55 | 2.49 | 2.45 | 2.41 | 2.38 | 2.35 | 2.33 | 2.31 | 2.29 | 2.27 | 2.26 | 2.24 | 2.23 | 2.15 | 2.10 | 2.08 | 2.06 | 2.03 | 2.02 | 1.96 
18 4.41 | 3.55 | 3.16 | 2.93 | 2.77 | 2.66 | 2.58 | 2.51 | 2.46 | 2.41 | 2.37 | 2.34 | 231 | 2.29 | 2.27 | 2.25 | 2.23 | 2.22 | 2.20 | 2.19 | 2.11 | 2.06 | 2.04 | 2.02 | 1.99 | 1.98 | 1.92 
19 4.38 | 3.52 | 3,13 | 2.90 | 2.74 | 2.63 | 2.54 | 2.48 | 2.42 | 2.38 | 234 | 2.31 | 2.28 | 2.26 | 2.23 | 221 | 2.20 | 2.18 | 2.17 | 2.16 | 2.07 | 2.03 | 2.00 | 1.98 | 1.96 | 1.94 | 1.88 
20 4.35 | 3.49 | 3.10 | 2.87 | 2.71 | 2.60 | 2.51 | 2.45 | 2.39 | 2.35 | 2.31 | 2.28 | 2.25 | 2.22 | 2.20 | 2.18 | 2.17 | 2.15 | 2.14 | 2.12 | 2.04 | 1.99 | 1.97 | 1.95 92 | 1.91 | 1.84 
21 4.32 | 3.47 | 3.07 | 2.84 | 2.68 | 2.57 | 2.49 | 2.42 | 2.37 | 2.32 | 2.28 | 2.25 | 2.22 | 2.20 | 2.18 | 2.16 | 2.14 | 2.12 | 2.11 | 2.10 | 2.01 .96 | 1.94 | 1.92 | 1.89 | 1.88 | 181 
22 4.30 | 3.44 | 3.05 | 2.82 | 2.66 | 2.55 | 2.46 | 2.40 | 2.34 | 2.30 | 2.26 | 223 | 2.20 | 2.17 | 2.15 | 2.13 | 2.11 | 2.10 | 2.08 | 2.07 | 1.98 | 1.94 | 1.91 .89 | 1.86 | 1.85 | 1.78 
23 4.28 | 3.42 | 3.03 | 2.80 | 2.64 | 2.53 | 2.44 | 2.37 | 232 | 2.27 | 223 | 220 | 2.18 | 2.15 | 2.13 | 2.11 | 2.09 | 2.07 | 2.06 | 2.05 | 1.96 | 1.91 | 1.88 | 1.86 | 1.84 | 1.82 | 1.76 
24 4.26 | 3.40 | 3.01 | 2.78 | 2.62 | 2.51 | 2.42 | 2.36 | 2.30 | 2.25 | 2.21 | 2.18 | 2.15 | 2.13 | 2.11 | 2.09 | 2.07 | 2.05 | 2.04 | 2.03 | 1.94 | 1.89 | 1.86 | 1.84 | 1.82 | 1.80 | 1.73 
25 4.24 | 3.39 | 2.99 | 2.76 | 2.60 | 2.49 | 2.40 | 2.34 | 2.28 | 2.24 | 2.20 | 2.16 | 2.14 | 2.11 | 2.09 | 2.07 | 2.05 | 2.04 | 2.02 | 2.01 | 1.92 | 1.87 | 1.84 | 1.82 | 1.80 | 1.78 | 1.71 
26 4.23 | 3.37 | 2.98 | 2.74 | 2.59 | 2.47 | 239 | 2.32 | 2.27 | 2.22 | 2.18 | 2.15 | 2.12 | 2.09 | 2.07 | 2.05 | 2.03 | 2.02 | 2.00 | 1.99 | 1.90 | 1.85 | 1.82 | 1.80 | 1.78 | 1.76 | 1.69 
27 4.21 | 3.35 | 2.96 | 2.73 | 2.57 | 2.46 | 2.37 | 2.31 | 2.25 | 2.20 | 2.17 | 2.13 | 2.10 | 2.08 | 2.06 | 2.04 | 2.02 | 2.00 | 1.99 | 1.97 | 1.88 | 1.84 | 1.81 79 | 1.76 | 1.74 | 1.67 


8102 : (Т Hed) 0029 SI 


LI 


ANNEX E — Continued 
CRITICAL VALUES OF THE F-DISTRIBUTION 


Significance Level 0.005 


(For one-sided test) 


Degree of 
a 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 30 40 50 60 80 | 100 | со 
(1-1) 
4 
28 4.20 | 3.34 | 2.95 | 2.71 | 2.56 | 2.45 | 2.36 | 2.29 | 2.24 | 2.19 | 2.15 | 2.12 | 2.09 | 2.06 | 2.04 | 2.02 | 2.00 | 1.99 | 1.97 | 1.96 | 1.87 | 1.82 | 1.79 | 1.77 | 1.74 | 1.73 | 1.65 
29 4.18 | 3.33 | 2.93 | 2.70 | 2.55 | 2.43 | 2.35 | 2.28 | 2.22 | 2.18 | 2.14 | 2.10 | 2.08 | 2.05 | 2.03 | 2.01 | 1.99 | 1.97 | 1.96 | 1.94 | 1.85 | 1.81 | 1.77 | 1.75 | 1.73 | 1.71 | 1.64 
40 4.08 | 3.23 | 2.84 | 2.61 | 2.45 | 2.34 | 2.25 | 2.18 | 2.12 | 2.08 | 2.04 | 2.00 | 1.97 | 1.95 | 1.92 | 1.90 | 1.89 | 1.87 | 1.85 | 1.84 | 1.74 | 1.69 | 1.66 | 1.64 | 1.61 | 1.59 | 1.51 
50 4.03 | 3.18 | 2.79 | 2.56 | 2.40 | 2.29 | 2.20 | 2.13 | 2.07 | 2.03 | 1.99 | 1.95 | 1.92 | 1.89 | 1.87 | 1.85 | 1.83 | 1.81 | 1.80 | 1.78 | 1.69 | 1.63 | 1.60 | 1.58 | 1.54 | 1.52 | 1.44 
60 4.00 | 3.15 | 2.76 | 2.53 | 2.37 | 2.25 | 2.17 | 2.10 | 2.04 | 1.99 | 1.95 | 1.93 | 1.89 | 1.86 | 1.84 | 1.82 | 1.80 | 1.78 | 1.76 | 1.75 | 1.65 | 1.59 | 1.56 | 1.53 | 1.50 | 148 | 1.39 
70 3.98 | 3.13 | 2.74 | 2.50 | 2.35 | 2.23 | 2.14 | 2.07 | 2.02 | 1.97 | 1.93 | 1.89 | 1.86 | 1.84 | 1.81 | 1.79 | 1.77 | 1.75 | 1.74 | 1.72 | 1.62 | 1.57 | 1.53 | 1.50 | 1.47 | 1.45 | 1.35 
80 3.96 | 3.11 | 2.72 | 2.49 | 2.33 | 2.21 | 2.13 | 2.06 | 2.00 | 1.95 | 1.91 | 1.88 | 1.84 | 1.82 | 1.79 | 1.77 | 1.75 | 1.73 | 1.72 | 1.70 | 1.60 | 1.54 | 1.51 A8 | 1.45 | 1.43 | 1.32 
90 3.95 | 3.10 | 2.71 | 2.47 | 2.32 | 2.20 | 2.11 | 2.04 | 1.99 | 1.94 | 1.90 | 1.86 | 1.83 | 1.80 | 1.78 | 1.76 | 1.74 | 1.72 | 1.70 | 1.69 | 1.59 | 1.53 | 1.49 | 1.46 | 1.43 | 1.41 | 1.30 
100 3.94 | 3.09 | 2.70 | 2.46 | 2.31 | 2.19 | 2.10 | 2.03 | 1.97 | 1.93 | 1.89 | 1.85 | 1.82 | 1.79 | 1.77 | 1.75 | 1.73 | 1.71 | 1.69 | 1.68 | 1.57 | 1.52 | 1.48 | 1.45 | 1.41 | 1.39 | 1.28 
оо 3.84 | 3.00 | 2.60 | 2.37 | 221 | 2.10 | 2.01 | 1.94 | 1.88 | 1.83 | 1.79 | 1.75 | 1.72 | 1.69 | 1.67 | 1.64 | 1.62 | 1.60 | 1.59 | 1.57 | 1.46 | 1.39 | 1.35 | 1.32 | 1.27 | 1.24 | 1.00 
КОТЕ- (и1-1) refers to the degrees of freedom for the larger mean square placed in the numerator. 
CRITICAL VALUES OF THE F-DISTRIBUTION 
Significance Level 0.01 
(For one-sided test) 
Degree of 
а 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 30 40 50 60 80 | 100 | со 
(1-1) 
4 
4050 | 5000 | 5400 | 5630 | 5760 | 5860 | 5930 | 5980 | 6020 | 6060 | 6080 | 6110 | 6130 | 6140 | 6160 | 6170 | 6180 | 6190 | 6200 | 6210 | 6260 | 6290 | 6300 | 6310 | 6330 | 6330 | 6370 
2 98.5 | 99.0 | 99.2 | 99.2 | 99.3 | 99.3 | 99.4 | 99.4 | 99.4 | 99.4 | 99.4 | 99.4 | 99.4 | 99.4 | 99.4 | 99.4 | 99.4 | 99.4 | 99.4 | 99.4 | 99.5 | 99.5 | 99.5 | 99.5 | 99.5 | 99.5 | 99.5 
3 34.1 | 30.8 | 29.5 | 28.7 | 28.2 | 27.9 | 27.7 | 27.5 | 27.3 | 27.2 | 27.1 | 27.1 | 27.0 | 26.9 | 26.9 | 26.8 | 26.8 | 26.8 | 26.7 | 26.7 | 26.5 | 26.4 | 26.4 | 26.3 | 26.3 | 26.2 | 26.1 
4 21.2 | 18.0 | 16.7 | 16.0 | 15.5 | 15.2 | 15.0 | 14.8 | 14.7 | 14.5 | 14.4 | 14.4 | 14.3 | 14.2 | 14.2 | 14.2 | 14.1 | 14.1 | 14.0 | 14.0 | 13.8 | 13.7 | 13.7 | 13.7 | 13.6 | 13.6 | 13.5 
5 16.3 | 13.3 | 12.1 | 11.4 | 11.0 | 10.7 | 10.5 | 10.3 | 10.2 | 10.1 | 9.96 | 9.89 | 9.85 | 9.77 | 9.72 | 9.68 | 9.64 | 9.61 | 9.58 | 9.55 | 9.38 | 9.29 | 9.24 | 9.20 | 9.16 | 9.13 | 9.02 
6 13.7 | 10.9 | 9.78 | 9.15 | 8.75 | 8.47 | 8.26 | 8.10 | 7.98 | 7.87 | 7.79 | 7.72 | 7.66 | 7.60 | 7.56 | 7.52 | 7.48 | 7.45 | 7.42 | 7.40 | 7.23 | 7.14 | 7.09 | 7.06 | 7.01 | 6.99 | 6.88 


810 : (Т Hed) 0079 SI 


81 


ANNEX Е — Continued 


CRITICAL VALUES OF THE F-DISTRIBUTION 
Significance Level 0.01 
(For one-sided test) 


Degree of 
пето 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 30 40 50 60 80 100 со 
(m-1) 

4 

8 11.3 | 8.65 | 7.59 | 7.01 | 6.63 | 6.37 | 6.18 | 6.03 | 5.91 | 5.81 | 5.73 | 5.67 | 5.61 | 5.56 | 5.52 | 5.48 | 5.44 | 5.41 | 5.38 | 5.36 | 5.20 | 5.12 | 5.07 | 5.03 | 4.99 | 4.96 | 4.86 
9 10.6 | 8.02 | 6.99 | 6.42 | 6.06 | 5.80 | 5.61 | 5.47 | 5.35 | 5.26 | 5.18 | 5.11 | 5.05 | 5.00 | 4.96 | 4.92 | 4.89 | 4.86 | 4.83 | 4.81 | 4.65 | 4.57 | 4.52 | 4.48 | 4.44 | 4.42 | 4.31 
10 10.0 | 7.56 | 6.55 | 5.99 | 5.64 | 5.39 | 5.20 | 5.06 | 4.94 | 4.85 | 4.77 | 4.71 | 4.65 | 4.60 | 4.56 | 4.52 | 4.49 | 4.46 | 4.43 | 4.41 | 4.25 | 4.17 | 4.12 | 4.08 | 4.04 | 4.01 | 3.91 
11 9.65 | 7.21 | 6.22 | 5.67 | 5.32 | 5.07 | 4.89 | 4.74 | 4.63 | 4.54 | 4.46 | 4.40 | 4.34 | 4.29 | 4.25 | 4.21 | 4.18 | 4.15 | 4.12 | 4.10 | 3.94 | 3.86 | 3.81 | 3.78 | 3.73 | 3.71 | 3.60 
12 9.33 | 6.93 | 5.95 | 5.41 | 5.06 | 4.82 | 4.64 | 4.50 | 4.39 | 4.30 | 4.22 | 4.16 | 4.10 | 4.05 | 4.01 | 3.97 | 3.94 | 3.91 | 3.88 | 3.86 | 3.70 | 3.62 | 3.57 | 3.54 | 3.49 | 3.47 | 3.36 
13 9.07 | 6.70 | 5.74 | 5.21 | 4.86 | 4.62 | 4.44 | 4.30 | 4.19 | 4.10 | 4.02 | 3.96 | 3.91 | 3.86 | 3.82 | 3.78 | 3.75 | 3.72 | 3.69 | 3.66 | 3.51 | 3.43 | 3.38 | 3.34 | 3.30 | 3.27 | 3.17 
14 8.86 | 6.51 | 5.56 | 5.04 | 4.70 | 4.46 | 4.28 | 4.14 | 4.03 | 3.94 | 3.86 | 3.80 | 3.75 | 3.70 | 3.66 | 3.62 | 3.59 | 3.56 | 3.53 | 3.51 | 3.35 | 3.27 | 3.22 | 3.18 | 3.14 | 3.11 | 3.00 
15 8.68 | 6.36 | 5.42 | 4.89 | 4.56 | 4.32 | 4.14 | 4.00 | 3.89 | 3 80 | 3.73 | 3.67 | 3.61. | 3.56 | 3.52 | 3.49 | 3.45 | 3.42 | 3.40 | 3.37 | 3.21 | 3.13 | 3.08 | 3.05 | 3.00 | 2.98 | 2.87 
16 8.53 | 6.23 | 5.29 | 4.77 | 4.44 | 4.20 | 4.03 | 3.89 | 3.78 | 3.69 | 3.62 | 3.55 | 3.50 | 3.45 | 3.41 | 3.37 | 3.34 | 3.31 | 3.28 | 3.26 | 3.10 | 3.02 | 2.97 | 2.93 | 2.89 | 2.86 | 2.75 
17 8.40 | 6.11 | 5.18 | 4.67 | 434 | 4.10 | 3.93 | 3.79 | 3.68 | 3.59 | 3.52 | 3.46 | 3.40 | 3.35 | 3.31 | 3.27 | 3.24 | 3.21 | 3.18 | 3.16 | 3.00 | 2.92 | 2.87 | 2.83 | 2.79 | 2.76 | 2.65 
18 8.29 | 6.01 | 5.09 | 4.58 | 4.225 | 4.01 | 3.84 | 3.79 | 3.60 | 3.51 | 3.43 | 3.37 | 3.32 | 3.27 | 3.23 | 3.19 | 3.16 | 3.13 | 3.10 | 3.08 | 2.92 | 2.84 | 2.78 | 2.75 | 2.70 | 2.68 | 2.57 
19 8.18 | 5.93 | 5.01 | 4.50 | 4.17 | 3.94 | 3.77 | 3.63 | 3.52 | 3.43 | 3.36 | 3.30 | 3.24 | 3.19 | 3.15 | 3.12 | 3.08 | 3.05 | 3.03 | 3.00 | 2.84 | 2.76 | 2.71 | 2.67 | 2.63 | 2.60 | 2.49 
20 8.10 | 5.85 | 4.94 | 4.43 | 4.10 | 3.87 | 3.70 | 3.56 | 3.46 | 3.37 | 3.29 | 3.23 | 3.18 | 3.13 | 3.09 | 3.05 | 3.02 | 2.99 | 2.96 | 2.94 | 2.78 | 2.69 | 2.64 | 2.61 | 2.56 | 2.54 | 2.42 
21 8.02 | 5.78 | 4.87 | 4.37 | 4.04 | 3.81 | 3.64 | 3.51 | 3.40 | 3.31 | 3.24 | 3.17 | 3.12 | 3.07 | 3.03 | 2.99 | 2% | 2.93 | 2.90 | 2.88 | 2.72 | 2.64 | 2.58 | 2.55 | 2.50 | 2.48 | 2.36 
22 7.95 | 5.72 | 4.82 | 431 | 3.99 | 3.76 | 3.59 | 3.45 | 3.35 | 3.26 | 3.18 | 3.12 | 3.07 | 3.02 | 2.98 | 2.94 | 2.91 | 2.88 | 2.85 | 2.83 | 2.67 | 2.58 | 2.53 | 2.50 | 2.45 | 2.42 | 231 
23 7.88 | 5.66 | 4.76 | 4.26 | 3.94 | 3.71 | 3.54 | 3.41 | 3.30 | 3.21 | 3.14 | 3.07 | 3.02 | 2.97 | 2.93 | 2.89 | 2.86 | 2.83 | 2.80 | 2.78 | 2.62 | 2.54 | 2.48 | 2.45 | 2.40 | 2.37 | 2.26 
24 7.82 | 5.61 | 4.72 | 4.22 | 3.90 | 3.67 | 3.50 | 3.36 | 3.26 | 3.17 | 3.09 | 3.03 | 2.98 | 2.93 | 2.89 | 2.85 | 2.82 | 2.79 | 2.76 | 2.74 | 2.58 | 2.49 | 2.44 | 2.40 | 236 | 233 | 221 
25 7.77 | 5.57 | 4.68 | 4.18 | 3.86 | 3.63 | 3.46 | 3.32 | 3.22 | 3.13 | 3.06 | 2.99 | 2.94 | 2.89 | 2.85 | 2.81 | 2.78 | 2.75 | 2.72 | 2.70 | 2.54 | 2.45 | 2.40 | 2.36 | 2.32 | 2.29 | 2.17 
26 7.72 | 5.53 | 4.64 | 4.14 | 3.82 | 3.59 | 3.42 | 3.29 | 3.18 | 3.09 | 3.02 | 2.96 | 2.90 | 2.86 | 2.82 | 2.78 | 2.74 | 2.72 | 2.69 | 2.66 | 2.50 | 2.42 | 2.36 | 2.33 | 2.28 | 2.25 | 2.18 
27 7.68 | 5.49 | 4.60 | 4.11 | 3.78 | 3.56 | 3.39 | 3.26 | 3.15 | 3.06 | 2.99 | 2.93 | 2.87 | 2.82 | 2.78 | 2.75 | 2.71 | 2.68 | 2.66 | 2.63 | 2.47 | 2.38 | 2.33 | 2.29 | 2.25 | 2.22 | 2.10 
28 7.64 | 5.45 | 4.57 | 4.07 | 3.75 | 3.53 | 3.36 | 3.23 | 3.12 | 3.03 | 2.96 | 2.90 | 2.84 | 2.79 | 2.75 | 2.72 | 2.68 | 2.65 | 2.63 | 2.60 | 2.44 | 2.35 | 2.30 | 2.26 | 2.22 | 2.19 | 2.06 
29 7.60 | 5.42 | 4.54 | 4.04 | 3.73 | 3.50 | 3.33 | 3.20 | 3.09 | 3.00 | 2.93 | 2.87 | 2.81 | 2.77 | 2.73 | 2.69 | 2.66 | 2.63 | 2.60 | 2.57 | 2.41 | 2.33 | 2.27 | 2.23 | 2.19 | 2.16 | 2.03 
30 7.56 | 5.39 | 4.51 | 4.02 | 3.72 | 3.47 | 3.30 | 3.17 | 3.07 | 3.98 | 2.91 | 2.84 | 2.79 | 2.74 | 2.70 | 2.66 | 2.63 | 2.60 | 2.57 | 2.55 | 2.39 | 2.30 | 2.25 | 2.21 | 2.16 | 2.13 | 2.01 
40 7.31 | 5.18 | 4.31 | 3.83 | 3.51 | 3.29 | 3.12 | 2.99 | 2.89 | 2.80 | 2.73 | 2.66 | 2.61 | 2.56 | 2.52 | 2.48 | 2.45 | 2.42 | 2.39 | 2.37 | 2.20 | 2.11 | 2.06 | 2.02 | 1.97 | 1.94 | 1.80 
50 7.17 | 5.06 | 4.20 | 3.72 | 3.41 | 3.19 | 3.02 | 2.89 | 2.79 | 2.70 | 2.63 | 2.56 | 2.51 | 2.46 | 2.42 | 2.38 | 2.35 | 2.32 | 2.29 | 2.27 | 2.10 | 2.01 | 1.95 | 1.91 | 1.86 | 1.82 | 1.68 
60 7.08 | 4.98 | 4.13 | 3.65 | 3.34 | 3.12 | 2.95 | 2.82 | 2.72 | 2.63 | 2.56 | 2.50 | 2.44 | 2.39 | 2.35 | 2.31 | 2.28 | 2.25 | 2.22 | 2.20 | 2.03 | 1.94 | 1.88 | 1.84 | 1.78 | 1.75 | 1.60 
70 7.01 | 4.92 | 4.08 | 3.60 | 3.29 | 3.07 | 2.91 | 2.78 | 2.67 | 2.59 | 2.51 | 2.45 | 2.40 | 2.35 | 2.31 | 2.27 | 2.23 | 2.20 | 2.18 | 2.15 | 1.98 | 1.89 | 1.83 | 1.78 | 1.73 | 1.70 | 1.54 
80 6.96 | 4.88 | 4.04 | 3.56 | 3.26 | 3.04 | 2.87 | 2.74 | 2.64 | 2.55 | 2.48 | 2.42 | 2.36 | 2.31 | 2.27 | 2.23 | 2.20 | 2.17 | 2.14 | 2.12 | 1.94 | 1.85 | 1.79 | 1.75 | 1.69 | 1.66 | 1.49 
90 6.93 | 4.85 | 4.01 | 3.54 | 3.23 | 3.01 | 2.84 | 2.72 | 2.61 | 2.52 | 2.45 | 2.39 | 2.33 | 2.29 | 2.24 | 2.21 | 2.17 | 2.14 | 2.11 | 2.09 | 1.92 | 1.82 | 176 | 1.72 | 1.66 | 1.62 | 1.46 
100 6.90 | 4.82 | 3.98 | 3.51 | 3.21 | 2.99 | 2.82 | 2.69 | 2.59 | 2.50 | 2.43 | 2.37 | 2.31 | 2.26 | 2.22 | 2.19 | 2.15 | 2.12 | 2.09 | 2.07 | 1.89 | 1.80 | 1.73 | 1.69 | 1.63 | 1.60 | 1.43 
со 6.63 | 4.61 | 3.78 | 3.32 | 3.02 | 2.80 | 2.64 | 2.51 | 2.41 | 2.32 | 2.25 | 2.18 | 2.13 | 2.08 | 2.04 | 2.00 | 1.97 | 1.93 | 1.90 | 1.88 | 1.70 | 1.59 | 1.52 | 1.47 | 1.40 | 1.36 | 1.00 


МОТЕ—(п—1) refers to the degrees of freedom for the larger mean square placed in the numerator. 
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ANNEX Е — Continued 


CRITICAL VALUES OF THE F-DISTRIBUTION 
Significance Level 0.05 
(For two-sided test) 


Degree of 
foe 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 30 40 50 60 80 100 со 
(1-1) 

l 

1 648 | 800 | 864 | 900 | 922 | 937 | 948 | 957 | 963 | 969 | 973 | 977 | 980 | 983 | 985 | 987 | 989 | 990 | 992 | 993 | 1001 | 1006 | 1008 | 1010 | 1012 | 1013 | 1018 
2 38.5 | 39.0 | 39.2 | 39.2 | 39.3 | 39.3 | 39.4 | 39.4 | 39.4 | 39.4 | 39.4 | 39.4 | 39.4 | 39.4 | 39.4 | 39.4 | 39.4 | 39.4 | 39.4 | 39.4 | 39.5 | 39.5 | 39.5 | 39.5 | 39.5 | 39.5 | 39.5 
3 17.4 | 16.0 | 15.4 | 15.1 | 149 | 14.7 | 146 | 14.5 | 14.5 | 144 | 144 | 14,3 | 143 | 143 | 143 | 142 | 14.2 | 142 | 142 | 142 | 14.1 | 140 | 140 | 140 | 140 | 14.0 | 13.9 
4 12.2 | 10.6 | 9.98 | 9.60 | 9.36 | 9.20 | 9.07 | 8.98 | 8.90 | 8.84 | 8.79 | 8.75 | 8.72 | 8.69 | 8.66 | 8.64 | 8.62 | 8.60 | 8.58 | 8.56 | 8.46 | 8.41 | 8.38 | 8.36 | 8.33 | 8.32 | 8.26 
5 10.0 | 8.43 | 7.76 | 7.39 | 7.15 | 6.98 | 6.85 | 6.76 | 6.68 | 6.62 | 6.57 | 6.52 | 6.49 | 6.46 | 6.43 | 6.41 | 6.39 | 6.37 | 6.35 | 6.33 | 6.23 | 6.18 | 6.14 | 6.12 | 6.10 | 6.08 | 6.02 
6 8.81 | 7.26 | 6.60 | 6.23 | 5.99 | 5.82 | 5.70 | 5.60 | 5.52 | 5.46 | 5.41 | 5.37 | 5.33 | 5.30 | 5.27 | 5.25 | 5.23 | 5.21 | 5.19 | 5.17 | 5.07 | 5.01 | 4.98 | 4.96 | 4.93 | 4.92 | 4.85 
7 8.07 | 6.54 | 5.89 | 5.52 | 5.29 | 5.12 | 4.99 | 4.90 | 4.82 | 4.76 | 4.71 | 4.67 | 4.63 | 4.60 | 4.57 | 4.54 | 4.52 | 4.50 | 4.48 | 447 | 436 | 431. | 4.28 | 4.25 | 423 | 4.21 | 4.14 
8 7.57 | 6.06 | 5.42 | 5.05 | 4.82 | 4.65 | 4.53 | 4.43 | 436 | 430 | 424 | 420 | 4.16 | 4.13 | 4.10 | 4.08 | 4.05 | 4.03 | 4.02 | 4.00 | 3.89 | 3.84 | 3.81 | 3.78 | 3.76 | 3.74 | 3.67 
9 7.21 | 5.71 | 5.08 | 4.72 | 4.48 | 4.32 | 420 | 4.10 | 4.03 | 3.96 | 3.91 | 3.87 | 3.83 | 3.80 | 3.77 | 3.74 | 3.72 | 3.70 | 3.68 | 3.67 | 3.56 | 3.51 | 3.47 | 3.45 | 3.42 | 3.40 | 3.33 
10 6.94 | 5.46 | 4.83 | 4.47 | 424 | 4.07 | 3.95 | 3.85 | 3.78 | 3.72 | 3.66 | 3.62 | 3.58 | 3.55 | 3.52 | 3.50 | 3.47 | 3.45 | 3.44 | 3.42 | 3.31 | 3.26 | 3.22 | 3.20 | 3.17 | 3.15 | 3.08 
11 6.72 | 5.26 | 4.63 | 4.28 | 4.04 | 3.88 | 3.76 | 3.66 | 3.59 | 3.53 | 3.47 | 3.43 | 3.39 | 3.36 | 3.33 | 3.30 | 3.28 | 3.26 | 3.24 | 3.23 | 3.12 | 3.06 | 3.03 | 3.00 | 2.97 | 2.96 | 2.88 
12 6.55 | 5.10 | 4.47 | 4.12 | 3.89 | 3.73 | 3.61 | 3.51 | 3.44 | 3.37 | 3.32 | 3.28 | 3.24 | 3.21 | 3.18 | 3.15 | 3.13 | 3.11 | 3.09 | 3.07 | 2.96 | 2.91 | 2.87 | 2.85 | 2.82 | 2.80 | 2.72 
13 6.41 | 4.97 | 4.35 | 4.00 | 3.77 | 3.60 | 3.48 | 3.39 | 3.31 | 3.25 | 3.20 | 3.15 | 3.12 | 3.08 | 3.05 | 3.03 | 3.00 | 2.98 | 2.96 | 2.95 | 2.84 | 2.78 | 2.74 | 2.72 | 2.69 | 2.67 | 2.60 
14 6.30 | 4.86 | 4.24 | 3.89 | 3.66 | 3.50 | 3.38 | 3.29 | 3.21 | 3.15 | 3.09 | 3.05 | 3.01 | 2.98 | 2.95 | 2.92 | 2.90 | 2.88 | 2.86 | 2.84 | 2.73 | 2.67 | 2.64 | 2.61 | 2.58 | 2.56 | 2.49 
15 6.20 | 4.76 | 4.15 | 3.80 | 3.58 | 3.41 | 3.29 | 3.20 | 3.12 | 3.06 | 3.01 | 2.96 | 2.92 | 2.89 | 2.86 | 2.84 | 2.81 | 2.79 | 2.77 | 2.76 | 2.64 | 2.58 | 2.55 | 2.52 | 2.49 | 2.47 | 2.40 
16 6.12 | 4.69 | 4.08 | 3.73 | 3.50 | 3.34 | 3.22 | 3.12 | 3.05 | 2.99 | 2.93 | 2.89 | 2.85 | 2.82 | 2.79 | 2.76 | 2.74 | 2.72 | 2.70 | 2.63 | 2.57 | 2.51 | 2.47 | 2.45 | 2.42 | 2.40 | 2.32 
17 6.04 | 4.62 | 4.01 | 3.66 | 3.44 | 3.28 | 3.16 | 3.06 | 2.98 | 2.92 | 2.87 | 2.82 | 2.79 | 2.75 | 2.72 | 2.70 | 2.67 | 2.65 | 2.63 | 2.62 | 2.50 | 2.44 | 2.41 | 2.38 | 2.35 | 2.33 | 2.25 
18 5.98 | 4.56 | 3.95 | 3.61 | 3.38 | 3.22 | 3.10 | 3.01 | 2.93 | 2.87 | 2.81 | 2.77 | 2.73 | 2.70 | 2.67 | 2.64 | 2.62 | 2.60 | 2.58 | 2.56 | 2.44 | 2.38 | 2.35 | 2.32 | 2.29 | 2.27 | 2.19 
19 5.92 | 4.51 | 3.90 | 3.56 | 3.33 | 3.17 | 3.05 | 2.96 | 2.88 | 2.82 | 2.76 | 2.72 | 2.68 | 2.65 | 2.62 | 2.59 | 2.57 | 2.55 | 2.53 | 2.51 | 2.39 | 2.33 | 2.30 | 2.27 | 2.24 | 2.22 | 2.13 
20 5.87 | 4.46 | 3.86 | 3.51 | 3.29 | 3.13 | 3.01 | 2.91 | 2.84 | 2.77 | 2.72 | 2.68 | 2.64 | 2.60 | 2.57 | 2.55 | 2.52 | 2.50 | 2.48 | 2.46 | 2.35 | 2.29 | 2.25 | 2.22 | 2.19 | 2.17 | 2.09 
21 5.83 | 4.42 | 3.82 | 3.48 | 3.25 | 3.09 | 2.97 | 2.87 | 2.80 | 2.73 | 2.68 | 2.64 | 2.60 | 2.56 | 2.53 | 2.51 | 2.48 | 2.46 | 2.44 | 2.42 | 231 | 2.25 | 221 | 2.18 | 2.15 | 2.13 | 2.04 
22 5.79 | 4.38 | 3.78 | 3.44 | 3.22 | 3.05 | 2.93 | 2.84 | 2.76 | 2.70 | 2.65 | 2.60 | 2.56 | 2.53 | 2.50 | 2.47 | 2.45 | 2.43 | 2.41 | 2.39 | 2.27 | 2.21 | 2.17 | 2.14 | 2.11 | 2.09 | 2.00 
23 5.75 | 4.35 | 3.75 | 3.41 | 3.18 | 3.02 | 2.90 | 2.81 | 2.73 | 2.67 | 2.62 | 2.57 | 2.53 | 2.50 | 2.47 | 2.44 | 2.42 | 2.39 | 2.37 | 2.36 | 2.24 | 2.18 | 2.14 | 2.11 | 2.08 | 2.06 | 1.97 
24 5.72 | 432 | 3.72 | 3.38 | 3.15 | 2.99 | 2.87 | 2.78 | 2.70 | 2.64 | 2.59 | 2.54 | 2.50 | 2.47 | 2.44 | 2.41 | 2.39 | 2.36 | 2.35 | 2.33 | 221 | 2.15 | 2.11 | 2.08 | 2.05 | 2.02 | 1.94 
25 5.69 | 4.29 | 3.69 | 3.35 | 3.13 | 2.97 | 2.85 | 2.75 | 2.68 | 2.61 | 2.56 | 2.51 | 2.48 | 2.44 | 2.41 | 2.38 | 2.36 | 2.34 | 2.32 | 230 | 2.18 | 2.12 | 2.08 | 2.05 | 2.02 | 2.00 | 1.91 
26 5.66 | 4.27 | 3.67 | 3.33 | 3.10 | 2.94 | 2.82 | 2.73 | 2.65 | 2.59 | 2.54 | 2.49 | 2.45 | 2.42 | 2.39 | 2.36 | 2.34 | 2.31 | 2.29 | 2.28 | 2.16 | 2.09 | 2.05 | 2.03 | 1.99 | 1.97 | 1.88 
27 5.63 | 4.24 | 3.65 | 3.31 | 3.08 | 2.92 | 2.80 | 2.71 | 2.63 | 2.57 | 2.51 | 2.47 | 2.43 | 2.39 | 2.36 | 2.34 | 2.31 | 2.29 | 2.27 | 2.25 | 2.13 | 2.07 | 2.03 | 2.00 | 1.97 | 1.94 | 1.85 
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ANNEX E — Continued 


CRITICAL VALUES OF THE F-DISTRIBUTION 
Significance Level 0.05 
(For two-sided test) 


Degree of 
пад 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 30 40 50 60 80 | 100 | со 
(m-1) 
4 
28 5.61 | 4.22 | 3.63 | 3.29 | 3.06 | 2.90 | 2.78 | 2.69 | 2.61 | 2.55 | 2.49 | 2.45 | 2.41 | 2.37 | 2.34 | 2.32 | 2.29 | 2.27 | 2.25 | 2.23 | 2.11 | 2.05 | 2.01 .98 | 1.94 | 1.92 | 1.83 
29 5.59 | 4.20 | 3.61 | 3.27 | 3.04 | 2.88 | 2.76 | 2.67 | 2.59 | 2.53 | 2.48 | 2.43 | 2.39 | 2.36 | 2.32 | 2.30 | 2.27 | 2.25 | 2.23 | 2.21 | 2.09 | 2.03 | 1.99 | 1.96 | 1.92 | 1.90 | 1.81 
30 5.57 | 4.18 | 3.59 | 3.25 | 3.03 | 2.87 | 2.75 | 5.65 | 2.57 | 2.51 | 2.46 | 2.41 | 2.37 | 2.34 | 2.31 | 2.28 | 2.26 | 2.23 | 2.21 | 2.20 | 2.07 | 2.01 | 1.97 | 1.94 | 1.90 | 1.88 | 1.79 
40 5.42 | 4.05 | 3.46 | 3.13 | 2.90 | 2.74 | 2.62 | 2.53 | 2.45 | 2.39 | 2.33 | 2.29 | 2.25 | 2.21 | 2.18 | 2.15 | 2.13 | 2.11 | 2.09 | 2.07 | 1.94 | 1.88 | 1.83 | 1.80 | 1.76 | 1.74 | 1.64 
50 5.34 | 3.98 | 3.39 | 3.06 | 2.83 | 2.67 | 2.55 | 2.46 | 2.38 | 2.32 | 2.26 | 2.22 | 2.18 | 2.14 | 2.11 | 2.08 | 2.06 | 2.03 | 2.01 | 1.99 | 1.87 | 1.80 | 1.75 | 1.72 | 1.68 | 1.66 | 1.55 
60 5.29 | 3.93 | 3.34 | 3.01 | 2.79 | 2.63 | 2.51 | 2.41 | 2.33 | 2.27 | 2.22 | 2.17 | 2.13 | 2.09 | 2.06 | 2.03 | 2.01 | 1.98 | 1.96 | 1.94 | 1.82 | 1.74 | 1.70 | 1.67 | 1.62 | 1.60 | 1.48 
70 5.25 | 3.89 | 3.31 | 2.98 | 2.75 | 2..60 | 2.48 | 2.38 | 2.30 | 2.24 | 2.18 | 2.14 | 2.10 | 2.06 | 2.03 | 2.00 | 1.97 | 1.95 | 1.93 | 1.91 .78 | 1.71 | 1.66 | 1.63 | 1.58 | 1.56 | 1.44 
80 5.22 | 3.86 | 3.28 | 2.95 | 2.73 | 2.57 | 2.45 | 2.36 | 2.28 | 2.21 | 2.16 | 2.11 | 2.07 | 2.03 | 2.00 | 1.97 | 1.95 | 1.93 | 1.90 | 1.88 | 1.75 | 1.68 | 1.63 | 1.60 | 1.55 | 1.53 | 1.40 
90 5.20 | 3.84 | 3.27 | 2.93 | 2.71 | 2.55 | 2.43 | 2.34 | 2.26 | 2.19 | 2.14 | 2.09 | 2.05 | 2.02 | 1.98 | 1.95 | 1.93 | 1.91 | 1.88 | 1.86 | 1.73 | 1.66 | 1.61 .58 | 1.53 | 1.50 | 1.37 
100 5.18 | 3.83 | 3.25 | 2.92 | 2.70 | 2.54 | 2.42 | 2.32 | 2.24 | 2.18 | 2.12 | 2.08 | 2.04 | 2.00 | 1.97 | 1.94 | 1.91 | 1.89 | 1.87 | 1.85 | 1.71 | 1.64 | 1.59 | 1.56 | 1.51 | 1.48 | 1.35 
со 5.02 | 3.69 | 3.12 | 2.79 | 2.57 | 2.41 | 2.29 | 2.19 | 2.11 | 2.05 | 1.99 | 1.94 | 1.90 1.87 | 1.83 | 1.80 | 1.78 | 1.75 | 1.73 | 1.71 57 | 1.48 | 1.43 | 1.39 | 1.33 | 1.30 | 1.00 
NOTE — (и; – 1) refers to the degrees of freedom for the larger mean square placed in the numerator. 
CRITICAL VALUES OF THE F-DISTRIBUTION 
Significance Level 0.01 
(For two-sided test) 
Degree of 
cae 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 30 40 50 60 80 | 100 | c 
(m-1) 
{ 
1 16 20020 00021 60022 500/23 100| 23400 23 70023 900/24 10024 20024 300/24 40024 500/24 60024 60024 700/24 70024 80024 80024 80025 00025 10025 200/25 300/25 300/25 30025 500 
2 198 | 199 | 199 | 199 | 199 | 199 | 199 | 199 | 199 | 199 | 199 | 199 | 199 | 199 | 199 | 199 | 199 | 199 | 199 | 199 | 199 | 199 | 199 | 199 | 199 | 199 | 200 
3 55.6 | 49.8 | 47.5 | 46.2 | 45.4 | 44.8 | 44.4 | 44.1 | 43.9 | 43.7 | 43.5 | 43.4 | 43.3 | 43.2 | 43.1 | 43.0 | 42.9 | 42.9 | 42.8 | 42.8 | 42.5 | 42.3 | 42.2 | 42.1 | 42.1 | 42.0 | 41.8 
4 31.3 | 26.3 | 243 | 232 | 22.5 | 22.0 | 21.6 | 21.4 | 21.1 | 21.0 | 20.8 | 20.7 | 206 | 20.5 | 20.4 | 20.4 | 203 | 20.3 | 202 | 20.2 | 19.9 | 198 | 19.7 | 19.6 | 19.5 | 19.5 | 19.3 
5 22.8 | 18.3 | 16.5 | 156 | 14.9 | 14.5 | 14.2 | 140 | 13.8 | 13.6 | 13.5 | 13.4 | 13.3 | 13.2 | 13.1 | 13.1 | 13.0 | 13.0 | 12.9 | 12.9 | 12.7 | 12.5 | 12.5 | 124 | 123 | 123 | 12.1 
6 18.6 | 14.5 | 12.9 | 12.0 | 11.5 | 11.1 | 10.8 | 10.6 | 10.4 | 10.2 | 10.1 | 10.0 | 9.95 | 9.88 | 9.81 | 9.76 | 9.71 | 9.66 | 9.62 | 9.59 | 9.36 | 9.21 | 9.17 | 9.12 | 9.06 | 9.03 | 8.88 
7 16.2 | 12.4 | 10.0 | 10.0 | 9.52 | 9.16 | 8.89 | 8.68 | 8.51 | 8.38 | 8.27 | 8.18 | 8.10 | 8.03 | 7.97 | 7.93 | 7.87 | 7.83 | 7.79 | 7.75 | 7.53 | 7.42 | 7.35 | 731 | 7.25 | 7.22 | 7.08 
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ANNEX E — Continued 


CRITICAL VALUES OF THE F-DISTRIBUTION 
Significance Level 0.01 
(For two-sided test) 


Degree of 
Freedom] «3 2 3 4 5 6 7 8 9 | 10 | 11 | 12 | 13 | 14 | 15 | 16 | 17 | 18 | 19 | 20 | зо | 40 | 50 | 60 | 80 | 100] ~ 
(п-1)-> 
(17-1) 
4 
8 147 | по | 9,60 | 8.81 | 830 | 795 | 7.69 | 7.50 | 734 | 721 | 7.10 | 7.01 | 6.94 | 687 | 6.81 | 6.76 | 6.72 | 6.68 | 6.64 | 6.61 | 6.40 | 6.29 | 622 | 618 | 6.12 | 6.09 | 5.95 
9 13.6 | 10.1 | 8.72 796 | 747 | 713 | 688 | 6.69 | 6.54 | 642 | 6.31 | 6.23 | 6.15 | 6.09 | 6.03 | 5.98 | 5.94 | 5.90 | 5.86 | 5.83 | 5.62 | 5.52 | 5.45 | 5.41 | 5.36 | 5.32 | 5.19 
1 122 | 8.91 | 7.60 | 6.88 | 642 | 6.10 | 5.86 | 5.68 | 5.54 | 5.42 | 5.32 | 524 | 5,16 | 5.10 | 5.05 | 5.00 | 496 | 4,92 | 489 | 486 | 4,65 | 4.55 | 449 | 444 | 439 | 436 | 423 
2 118 | 8.51 | 7.23 | 6.52 | 607 | 5.76 | 5.52 | 5.35 | 5.20 | 5.09 | 499 | 491 | 484 | 4.77 | 4.72 | 467 | 4.63 | 4.59 | 4.56 | 4.53 | 433 | 423 | 417 | 4.12 | 407 | 4.04 | 3.90 
3 11.4 | 8.19 | 6.93 | 6.23 | 5.79 | 5.48 | 5.25 | 5.08 | 4.94 | 4.82 | 4.72 | 4.64 | 4.57 | 4.51 | 446 | 441 | 437 | 4.33 | 430 | 4.27 | 4.07 | 3.97 | 3.91 | 3.87 | 3.81 | 3.78 | 3.65 
4 11.1 | 792 | 668 | 6.00 | 5.56 | 526 | 5.03 | 486 | 472 | 4.60 | 451 | 443 | 436 | 430 | 425 | 420 | 416 | 4.12 | 4.09 | 4.06 | 3.86 | 3.76 | 3.70 | 3.66 | 3.60 | 3.57 | 3.44 
5 10.8 | 7.70 | 6.48 | 5.80 | 5.37 | 5.07 | 4.85 | 4.67 | 4.54 | 4.42 | 4.33 | 4.25 | 4.18 | 4.12 | 4.07 | 4.02 | 3.98 | 3.95 | 3.91 | 3.88 | 3.69 | 3.58 | 3.52 | 3.48 | 3.43 | 3.39 | 3.26 
6 10.6 | 7.51 | 630 | 5.64 | 5.21 | 4.91 | 469 | 4.52 | 4.38 | 427 | 4.18 | 4.10 | 4.03 | 3.97 | 3.92 | 3.87 | 3.83 | 3.80 | 3.76 | 3.73 | 3.54 | 3.44 | 337 | 3.33 | 3.28 | 3.25 | 3.11 
7 104 | 735 | 6.16 | 5.50 | 5.07 | 4.78 | 4.56 | 439 | 425 | 414 | 405 | 397 | 3.90 | 3.84 | 3,79 | 3.75 | 3.71 | 3.67 | 3.64 | 3.61 | 3.41 | 331 | 3.25 | 3.21 | 3.15 | 3.12 | 2.98 
8 10.2 | 721 | 6.03 | 537 | 496 | 466 | 444 | 428 | 414 | 403 | 3.94 | 3.86 | 3.79 | 3.73 | 3.68 | 3.64 | 3.60 | 3.56 | 3.53 | 3.50 | 3.30 | 3.20 | 3.14 | 3.10 | 3.04 | 3.01 | 2.87 
9 10.1 | 7.09 | 5.92 | 527 | 485 | 456 | 434 | 418 | 404 | 3.93 | 3.84 | 3.76 | 3.70 | 3.64 | 3.59 | 3.54 | 3.50 | 3.46 | 3.43 | 3.40 | 3.21 | 3.11 | 3.04 | 3.00 | 2.95 | 2,91 | 2.78 
20 [9.94 | 6.99 | 5.82 | 5.17 | 4.76 | 4.47 | 426 | 409 | 3.96 | 3.85 | 3.76 | 3.68 | 3.61 | 3.55 | 3.50 | 346 | 3.42 | 3.38 | 3.35 | 3.32 | 3.12 | 3.02 | 2.96 | 2.92 | 2.86 | 2.83 | 2.69 
21 9.83 | 689 | 5.73 | 5.09 | 4.68 | 439 | 418 | 401 | 3.88 | 3.77 | 3.68 | 3.60 | 3.54 | 3.48 | 3.43 | 3.38 | 3.34 | 331 | 3.27 | 3.24 | 3.05 | 2.95 | 288 | 284 | 2.78 | 2.75 | 2.61 
22 |973| 681 | 5.65 | 5.02 | 461 | 432 | 411 | 394 | 3.81 | 3.70 | 3.61 | 3.54 | 3.47 | 3.41 | 336 | 3.31 | 327 | 3.24 | 3.20 | 3.18 | 2.98 | 288 | 282 | 2.77 | 2.72 | 2.69 | 2.55 
23 9.63 | 6.73 | 5.58 | 495 | 4.54 | 426 | 405 | 3.88 | 3.75 | 3.64 | 3.55 | 3.47 | 3.41 | 335 | 3.30 | 325 | 321 | 3.18 | 3.15 | 3.12 | 292 | 282 | 2.76 | 2.71 | 2.66 | 2.62 | 2.48 
24 {9.55 | 6.66 | 5.52 | 489 | 449 | 420 | 3.99 | 3.83 | 3.69 | 3.59 | 3.50 | 3.42 | 3.35 | 3.30 | 3.25 | 3.20 | 3.16 | 3.12 | 3.09 | 3.06 | 2.87 | 2.77 | 2.70 | 2.66 | 2.60 | 2.57 | 243 
25 9.48 | 6.60 | 5.46 | 4.84 | 4.43 | 4.15 | 3.94 | 3.78 | 3.64 | 3.54 | 3.45 | 3.37 | 3.30 | 3.25 | 3.20 | 3.15 | 3.11 | 3.08 | 3.04 | 3.01 | 2.82 | 2.72 | 2.65 | 2.61 | 2.55 | 2.52 | 238 
26 | 9.41 | 6.54 | 5.41 | 479 | 438 | 410 | 3.89 | 3.73 | 3.60 | 3.49 | 340 | 3.33 | 3.26 | 3.20 | 315 | 3.11 | 3.07 | 3.03 | 3.00 | 297 | 2.77 | 2.67 | 2.61 | 2.56 | 2.51 | 2.47 | 233 
27 19.34 | 6.49 | 5.36 | 474 | 434 | 406 | 3.85 | 3.69 | 3.56 | 3.45 | 3.36 | 3.28 | 3.22 | 3.16 | 3.11 | 3.07 | 3.03 | 2.99 | 2.96 | 2.93 | 2.73 | 2.63 | 2.57 | 2.52 | 2.47 | 2.43 | 2.29 
28 [928 | 6.44 | 5.32 | 470 | 4.30 | 402 | 3.81 | 365 | 3.52 | 3.41 | 3.32 | 3.25 | 3.18 | 3.12 | 3.07 | 3.03 | 2.99 | 2,95 | 292 | 2.89 | 2.69 | 2.59 | 2.53 | 248 | 243 | 2.39 | 225 
29 | 9.23 | 6.40 | 5.28 | 4.66 | 4.26 | 398 | 3.77 | 3.61 | 3.48 | 3.38 | 329 | 321 | 3.15 | 3.09 | 3.04 | 2,99 | 2.95 | 2,92 | 2.88 | 2.86 | 2.66 | 2.56 | 2.49 | 2.45 | 2.39 | 236 | 221 
30 |918 | 635 | 5.24 | 4.62 | 423 | 3.95 | 3.74 | 3.58 | 3.45 | 3.34 | 3.25 | 3.18 | 3.11 | 3.06 | 3.01 | 2.96 | 2.92 | 2.89 | 2.85 | 2.82 | 2.63 | 2.52 | 2.46 | 242 | 2.36 | 2.32 | 2.18 
40 | 8.83 | 6.07 | 4.98 | 437 | 3.99 | 3.71 | 3.51 | 3.35 | 3.22 | 3.12 | 3.03 | 2,95 | 289 | 283 | 2.78 | 2.74 | 2.70 | 2.66 | 2.63 | 2.60 | 2.40 | 230 | 223 | 2.18 | 2.12 | 2.09 | 193 
50 | 8.63 | 5.90 | 4.83 | 4.23 | 3.85 | 3.58 | 3.38 | 3.22 | 3.09 | 299 | 2.90 | 2.82 | 2.76 | 2.70 | 2.65 | 2.61 | 2.57 | 2.53 | 2.50 | 2.47 | 227 | 2.16 | 2.10 | 2.05 | 1.99 | 1.95 | 1.79 
60 (849 | 5.80 | 473 | 4.14 | 3.76 | 349 | 3.29 | 3.13 | 3.01 | 2.90 | 2.82 | 2.74 | 2.68 | 2.62 | 2.57 | 2.53 | 249 | 2.45 | 242 | 2.39 | 2.19 | 2.08 | 2.01 | 1.96 | 1.90 | 1.86 | 1.69 
70 | 8.40 | 5.72 | 4.65 | 4.08 | 3.70 | 3.43 | 3.23 | 3.08 | 2.95 | 2.85 | 2.76 | 2.68 | 2,62 | 2.56 | 2.51 | 2.47 | 243 | 239 | 236 | 2.33 | 2.13 | 2.02 | 1.95 | 1.90 | 184 | 1.80 | 1.62 
80 | 8.33 | 5.67 | 461 | 4.03 | 3.65 | 3.39 | 3.19 | 3,03 | 291 | 2.80 | 2.72 | 2.64 | 2.58 | 2.52 | 247 | 243 | 239 | 2.35 | 232 | 2.29 | 2.08 | 1.97 | 1.90 | 1.85 | 1.79 | 175 | 1.56 
90 | 8.28 | 5.62 | 4.57 | 3.99 | 3.62 | 3.35 | 3.15 | 3.00 | 2.87 | 2.77 | 2.68 | 2.61 | 2.54 | 249 | 244 | 239 | 2.35 | 2.32 | 228 | 225 | 2.05 | 194 | 1.87 | 1.82 | 175 | 171 | 1.52 
100 | 824 | 5.59 | 4.54 | 3.96 | 3.59 | 333 | 3.13 | 2.97 | 2.85 | 2.74 | 2.66 | 258 | 2.52 | 246 | 2.41 | 237 | 2.33 | 2.29 | 226 | 2.23 | 2.02 | 1.91 | 184 | 179 | 1.72 | 1.68 | 1.49 
со 788 | 5.30 | 428 | 3.72 | 335 | 309 | 290 | 2.74 | 2.62 | 2,52 | 243 | 236 | 229 | 224 | 2.19 | 2.14 | 2.10 | 2.06 | 2.03 | 2.00 | 1.79 | 1.67 | 1.59 | 1.53 | 145 | 1.40 | 1.00 


NOTE — (n; – 1) refers to the degrees of freedom for the larger mean square placed in the numerator. 
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